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SUMMARY  
 
This report presents a five year Research Plan for Phase 2 of the DEFRA/EA Estuaries 
Research Programme (ERP). The Plan:  

• Reviews and re-states the principal findings of ERP Phase 1. 
• Prioritises the research projects recommended by ERP Phase 1. 
• Investigates alternative approaches to estuary modelling, to take account of more 

recent research and other ideas developed outside of the ERP. 
• Identifies other DEFRA/EA R&D projects that ERP Phase 2 must link up with in 

delivering the tools for holistic estuary management.  
• Proposes a coherent and costed programme of flood and coastal defence R&D for 

funding by DEFRA/EA (3-5 year time frame). 
• Identifies longer-term (5-10 year) fundamental research needs which should be 

funded (or co-funded) by UK Research Councils and other bodies. 
• Integrates on-going operational and improvement activities and non-flood and 

coastal defence estuarine research needs into the same framework 
  
Section 2 of this report identifies the main user groups and presents a logical framework 
for the matching of estuarine research to their needs. In Section 3, the principal findings 
of ERP1 are summarised alongside a review of other recent research and alternative 
approaches to medium and long term prediction. Recommendations for further research 
are then prioritised, to take account of funding limitations and to ensure that projects 
carried forward are responsive to user needs and offer good value for public money. 
 
Section 4 presents a 3-5 year programme of estuarine R&D (totalling some £2.7M). 
This includes eight core projects: 

1.  Uptake of ERP Phase 1 

2.  Improved estuary data 

3.  Enhanced hybrid models 

4.  Physical, sedimentary and biological processes 

5.  Enhanced top down models 

6.  Understanding the predictability of morphological systems 

7.  Maintenance / dissemination of existing R&D 

8.  Delivery of ERP Phase 2 (Programme Management) 

These projects are justified, specified in outline, related to overall FCD goals and the 
delivery framework provided by the DEFRA/EA Thematic Programme. A case is also 
made for DEFRA/EA to ‘buy into’ a number of areas of basic research in order that the 
future scientific progress is steered towards the needs of users. An important point here 
is that user-oriented research does not necessarily equate to ‘near-market’ research.  
 
Section 5 outlines the broader funding context, and lists priorities for longer term, more 
fundamental research which lies within the remit of the UK Research Councils. 
Potential linkages with existing funding mechanisms and recently established networks 
(e.g. the EPSRC COZONE network) are considered. This part of the plan is intended to 
inform application and peer review procedures, such that the right kind of estuarine 
science is supported through the Research Councils. 
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1 INTRODUCTION 
 
 
1.1 Overview      
The requirements for estuarine morphological research were set out in a scoping study 
commissioned by potential funders (MAFF; EA; English Nature; NERC; EPSRC). This 
resulted in two reports: a review of recent research and user needs (HR Wallingford 
1997a), and a case for research into morphology and processes (HR Wallingford 
1997b). The latter recommended a three-phase project, lasting between 9 and 12 years 
and resourced to a level of £7 to £18M (1997 prices). Phase 1 was intended to test the 
performance of existing models as tools for the prediction of estuarine morphodynamic 
behaviour. The emphasis at this stage would not be on the provision of new science but 
on the collation and scientific evaluation of existing capability. An interim Estuarine 
Impact Assessment System (EIAS), based on existing modelling tools and appropriate 
documentation on their use, would also be delivered at the end of this Phase. It was 
envisaged that Phase 2 would involve further development of the most promising of the 
existing approaches, together with more fundamental research as required to support 
model refinement. Additional data acquisition would also allow wider application of 
these refined models. Phase 2 results would be used to update the EIAS developed 
under Phase 1. Phase 3 would involve the development of a new generation of models, 
based on the cross-fertilisation of theoretical and modelling work, new data, and an 
element of fundamental research undertaken under Phase 2. This generation of models 
would take account of socio-economic and legislative factors and, following testing and 
refinement, would deliver an holistic Estuary Management System (EMS). 
 
This programme, the Estuaries Research Programme (ERP), is extremely timely given 
the unprecedented environmental, commercial and legislative pressures on our estuaries. 
Although flood defence issues are prominent, estuarine management should take 
account of a spectrum of user interests that encompass environmental quality; 
conservation; navigation; recreation; resource exploitation; and our historical and 
archaeological heritage. A key requirement of estuary managers, planners and regulators 
is the availability of tools to allow prediction of the impacts on both estuary behaviour 
and function and other user interests of environmental forcing and/or human activity. 
 
Phase 1 of the Estuaries Research Programme (ERP1) was completed between 1999 and 
2000 by the EMPHASYS (Estuarine Morphology and Processes Holistic Assessment 
System) consortium, comprised of leading consultants, research institutes and individual 
experts. Three principal reports were produced: 
 

1. An evaluation of 15 existing modelling approaches as applied to a representative 
sample of six English estuaries (EMPHASYS Consortium 2000a). 

 
2: A guide to the prediction of morphological change in estuaries, based upon the 

consensus of the consortium concerning the appropriateness and data requirements 
of the different modelling approaches (EMPHASYS Consortium 2000b). This 
report outlines a structured approach to the tackling of Estuarine Impact 
Assessment, in relation not just to morphological change, but also ecological and 
water quality concerns. In essence, this constitutes a ‘Mark 1’ EIAS. 
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3. A set of recommendations for further research under Phase 2 of the ERP 
(EMPHASYS Consortium 2000c). 

 
At the outset, it was recognised that the scientific problems associated with the 
provision of whole-estuary management tools, particularly those concerned with 
medium to longer-term (50+ year) morphological evolution, are extremely challenging. 
ERP1 concluded (EMPHASYS Consortium 2000c) that all of the existing modelling 
approaches have their strengths and limitations, and that no one model or approach is 
adequate. A conceptual distinction was made between ‘bottom up’, ‘top down’ and 
‘hybrid’ modelling approaches. The bottom up approach is exemplified by physically 
based numerical models which contain a relatively complete representation of real 
world physics at the expense of computational overhead and inherent limits to the 
temporal scale over which reliable predictions can be made. Top down approaches are 
more varied in nature, but generally depend on the establishment of general principles 
of system behaviour such that longer-term behaviour can be predicted. Hybrid 
approaches combine the explanatory power and physical robustness of bottom up 
models with the conceptual insights into whole system behaviour afforded by a top 
down view. Often, they take the form of a top down model, calibrated at discrete time 
intervals or in a probabilistic manner by reference to the output of a bottom up model. 
 
In its recommendations for Phase 2 research (EMPHASYS Consortium 2000c), ERP1 
enumerated 61 specific areas where further work is needed. Considerable emphasis was 
placed on the development of top down and hybrid modelling approaches and on 
improved future data collection and monitoring. A 3 to 5 year programme was 
envisaged, resourced to a level of £2 to £4M. It was recognised that very substantial 
funding would be required to fully address all the highlighted research needs. 
Additional funding from UK Research Councils would be required in support of more 
fundamental research. However, given the lack of any constructive dialogue at that time 
with the Research Councils on collaborative research focused on estuaries, it was 
suggested that DEFRA/EA should provide a significant level of Phase 2 funding for 
research of a more ‘innovative’ or ‘basic’ nature (EMPHASYS Consortium 2000c, 
p15). Finally, it was also recognised that more strategic infrastructural developments, 
such as the establishment of a national estuary monitoring network, might lie 
completely beyond the scope of the ERP. 
 
At the end of 1999, following the Penning-Rowsell Report (MAFF, 1999), MAFF 
(subsequently DEFRA) and EA flood and coastal defence (FCD) research was 
reorganised into a unified programme under six major themes: Broad Scale Modelling 
(BSM); Fluvial Estuarine and Coastal Processes; Engineering; Risk Evaluation and 
Understanding Uncertainty; Flood Forecasting and Warning; and Policy Development. 
The new DEFRA/EA joint research programme is firmly user-focused and it is essential 
that future projects be placed within an appropriate logical framework. In the case of 
estuarine research, this must encompass the ‘front line’ themes of BSM and Engineering 
(serving users concerned with long term estuarial planning and more immediate 
solutions respectively), and the underlying Processes research needed to support their 
work. Research also must link with that of the Risk Evaluation and Policy themes, and 
all projects must also offer the best possible value for public money. Although the ERP1 
recommendations (EMPHASYS Consortium 2000c) provide a solid basis from which to 
proceed with long-term morphological modelling, they do not link into other 
DEFRA/EA R&D relevant to estuaries, and do not explain how the overall aim of 
reducing flood and erosion risk is to be achieved. Also, they do not offer a relative 
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prioritisation of research needs and no detailed project specifications are provided. 
Furthermore, significant UK and international research is not included within the ERP1 
review. In accordance with an Estuaries Advisory group (EAG) paper of March 2001, 
and following a Flood Coastal Defence (FCD) Theme Leaders’ meeting in October 
2001, an ERP2 Research Plan was commissioned (DEFRA/EA Project FD2115). 
 
The ERP2 Research Plan has the aim of producing a coherent, well justified and cost-
effective programme of research, spanning the DEFRA/EA research themes, taking as 
its starting point the major recommendations of ERP1, and preserving the vision of an 
integrated set of tools for holistic estuary management. As reported in this document, 
the plan: 
 
• Reviews and re-states the principal findings of ERP1. 
• Prioritises the research projects recommended by ERP1. 
• Investigates alternative approaches to estuary modelling, to take account of more 

recent research and other ideas developed outside the EMPHASYS consortium. 
• Identifies other DEFRA/EA R&D projects that the ERP2 plan must link up with in 

delivering the tools for holistic estuary management.  
• Proposes a coherent and costed programme of flood and coastal defence R&D for 

funding by DEFRA/EA (3-5 year time frame). 
• Identifies longer-term (5-10 year) fundamental research needs which might 

realistically be funded (or co-funded) by UK Research Councils and other funders. 
• Integrates on-going operational and improvement activities and non-flood and 

coastal defence estuarine research needs into the same framework (although no 
detailed project descriptions are provided for these). 

 
 
1.2 Approach 
The ERP2 Research Plan builds upon the recommendations of ERP1, and upon an 
initial prioritisation of estuarine modelling requirements undertaken for the BSM 
Thematic Advisory Group (French and Townend, 2000). It also incorporates feedback 
from a range of users, researchers and consultants. A review of other relevant research 
has been carried out, and the plan takes account also of ongoing and commissioned 
DEFRA/EA research (including the ERP1 Uptake project: FD2110; and the Fluvial, 
Estuarine and Coastal Processes Project FD1905-1907). 
  
Section 2 of this report identifies the main user groups and presents a logical framework 
for the matching of future estuarine research against their needs. 
 
In Section 3, the principal findings of ERP1 are summarised and presented alongside a 
review of other recent research. This review covers recent developments in the 
mathematical modelling of natural systems, and alternative methodologies for large-
scale coastal and estuarine landscape simulation. Additionally, important UK research 
omitted from the ERP1 review is identified for integration with the ERP. 
Recommendations for further research are then prioritised in relation to the logical 
framework outlined above (Section 3.5). This process addresses the funding limitations 
and ensures that all research projects carried forward are responsive to current user 
needs and offer good value for public money. 
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Section 4 presents a 3-5 year programme of estuarine R&D. This incorporates ongoing 
(and approved) DEFRA/EA research, and introduces new projects intended to meet 
present user needs. Outline specifications are provided for core DEFRA/EA funded 
projects and some candidate projects for co-funding with Research Councils are 
identified. 
 
Section 5 provides an overview of the broader funding context, followed by a list of 
priorities for longer term, more fundamental research. Much of this work falls more 
properly within the funding remit of the UK Research Councils (principally EPSRC and 
NERC). Potential linkages with existing funding mechanisms and recently established 
networks (such as the EPSRC COZONE network) are considered. This part of the plan 
is intended to inform application and peer review procedures, such that the right kind of 
estuarine science is supported through Research Council spending. It is hoped that this 
will broaden research community involvement and improve the linkage between 
academic research and engineering studies (which has hitherto been rather weak). 
 
Further copies of this report, together with concise information sheets, may be 
downloaded from:      http://www.geog.ucl.ac.uk/ceru/erp2 
 
 
1.3 Terms of reference 
Within the context of 1.1 and 1.2 above, project FD2115 is required to produce a costed 
R&D programme for funding by DEFRA/EA, incorporating the highest priority projects 
recommended by ERP1 but linking into other estuary-related R&D and taking account 
also of other recent research. FD2115 will thus indicate how all this links together to 
produce an estuary management system that is able to reduce flood and erosion risk. In 
addition, more fundamental research needs are to be identified, and presented in a 
manner suitable for consideration by UK Research Councils (especially EPSRC and 
NERC). For full terms of reference, see Appendix B. 
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2 USER REQUIREMENTS 
 
 
2.1 Users of estuarine research 
The overriding policy aim of the DEFRA/EA FCD R&D programme is the reduction in 
risk to people and the developed and natural environment from flooding and erosion 
through the provision of technically, environmentally and economically sound and 
sustainable defences. Reduction and management of flood risk is undertaken within a 
business framework which encompasses five key sectors: 
 
• Strategic planning (to assess medium to long term options for reduction of erosion 

and flood risk) 
• Flood warning (covering detection and forecasting, dissemination of warnings and 

related responses) 
• Improvements (construction/upgrading of defences to reduce erosion or flood risk 

and ensure predictable performance under extreme events) 
• Regulation 
• Operations (essential activity to maintain flood defence systems; development of 

strategic and local emergency plans) 
 
All these flood defence areas require understanding of the underlying scientific concepts 
and environmental processes, and modelling tools and decision-support systems suitable 
for the management of multiple user interests and compliance with UK and European 
legislation and directives. In the case of estuaries, a wide range of activities need to take 
account of flood defence issues, and flood defence decision making frequently involves 
a large number of stakeholders. Accordingly, the range of ‘users’ is broad: 
 
• Environment Agency 
• Port and harbour operators 
• Contractors and operational organisations (e.g. dredging contractors) 
• Planners 
• Industry (including marine extraction) 
• Fisheries 
• Developers 
• Conservation agencies and interest groups 
• Recreation and tourism interest groups 
• Local and National Government 
• The insurance industry 
• Consultants to all of the above 
• Researchers 
• The public 
 
Researchers are included in this list of users, since the scientific community itself 
should have access to the full range of management tools and associated software. In 
this way, fundamental research can be translated effectively into new and improved 
solutions to the kind of practical problems faced by managers. It is crucial, however, 
that DEFRA/EA R&D must nest within the business framework outlined above and that 
projects have a clearly specified series of outputs targeted on specific end use. 
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It is also important to establish a clear understanding of how each project in the ERP2 
programme can (a) link into secondary but extremely important DEFRA/EA interests 
(e.g. Habitats Directive, Water Framework Directive), and (b) benefit from other 
estuary research projects that will inevitably be carried out alongside ERP2 for non-
FCD users. This integration is a reflection of the complexity of estuary management. It 
is therefore proposed that the ERP2 programme has a co-ordinated DEFRA/EA 
management structure.  
 
 
2.2 User needs 
Appendix A summarises the main concerns and needs identified by users consulted 
during the production of the Research Plan. Especially prominent are: 
 
• The need to maintain a clear focus on FCD objectives, whilst taking accounting of 

and ensuring compliance with environmental and other policy obligations. 
 
• The need to assess the impacts of change in the context of stated policy aims and 

strategy objectives. 
 
• The importance of delivering immediate solutions based upon ‘best available 

science’, whilst more sophisticated tools are developed. 
 
• The need to be able to factor in evolving societal preferences, including those of 

different stakeholder groups. 
 
• A strong plea for more, and more effective, user training and for improved guidance 

with respect to the commissioning of both monitoring and predictive modelling. 
 
• A near unanimous concern over the lack of data, including insufficient long-term 

monitoring; weak geographical coverage in terms of basic morphometric and 
hydrodynamic data; and a shortage of intensive ‘test bed’ campaigns of the kind 
necessary for the enhancement of understanding and predictive capability. 

 
• Concern over a perceived gap between end-users and researchers. 
 
• The need for applicable, transparent, user-friendly and credible modelling tools. 
 
• More specifically, a need to strengthen ‘top down’ modelling approaches, in terms 

of both the underpinning science and the resulting models. 
 
Management tools clearly need to meet the needs of users at a number of different 
levels. At the highest level, tools are needed to assist the identification of risks and the 
formulation of policies. The overall policy goal is that the performance of flood defence 
structures and related FCD management activities in estuaries should be effective, 
sustainable and environmentally acceptable. Tools developed for estuaries must 
interface with the frameworks provided by policy initiatives for fluvial catchments 
(CFMPs) and open coasts (SMPs; CHaMPs). These must, in turn, inform the 
development of strategies, which identify the appropriate type of scheme required to 
deliver stated policy objectives. Finally, policy and strategy outputs must ‘tier down’ to 
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the level of specific schemes, operational management and flood warning. The 
challenge for estuarine R&D is to put in place systems which can integrate management 
activities at each of these levels and represent linkages and feedbacks between, for 
example, local engineering projects, and estuary- or catchment-level planning.  
 
The challenge is to facilitate truly adaptive management in which estuarine management 
policies and practices evolve on the basis of observations, feedback and experience 
gained from operational and long-term monitoring programmes. Monitoring is 
important and users need to be able to select appropriate indicators against which to 
judge the success of management interventions. Broad scale modelling also provides an 
important part of this feedback loop. In particular, major benefits are likely to accrue 
from the development of integrated physical, ecological and socio-economic models 
and associated spatial decision support systems. This progress should, ultimately, be 
encapsulated in an holistic EMS as envisaged at the commencement of the ERP. 
 
An operational EMS is not achievable within the duration of ERP Phase 2, not least 
because it will require substantial advances in integrated modelling capability and 
extensive socio-economic data collection. However, progress is already being made in 
this area, for example through the Modelling and Decision Support Framework (MDSF) 
developed as part of the CFMP initiative (BSM Theme). It is essential that ERP2 R&D 
is consistent with these overall aims. This will demand close attention to the vertical and 
horizontal compatibility of the modelling and data handling methodologies, and good 
co-ordination of ERP2 and other related DEFRA/EA projects. 
 
 
2.3 Framework for matching estuarine R&D with user needs 
Estuarine R&D must meet the needs of users and managers through the provision of 
appropriate technical and decision-support tools. As Townend (2002) observes, this 
does not merely imply provision of models and data but involves, also, the translation of 
model outputs and the interpretation of data into information that can inform the 
decision-making process. Appropriate tools for estuary management are those, which 
are transparent, credible, user friendly and cost effective. Scientific input must be both 
understandable by non-specialist users and related to their practical experience. This 
implies efforts on the part of scientists in terms of dissemination, and managers, in the 
form of additional training programmes and the integration of new or improved tools 
and techniques into business activities. All of these concerns emerged strongly in the 
consultation process (Appendix A). 
 
Delivery of this ideal is an over-riding aim of the DEFRA/EA Thematic R&D 
Programme. It is helpful to envisage a logical framework (Figure 2.1) in which BSM 
and Engineering R&D directly serves users concerned with longer-term planning and 
immediate solutions respectively. Processes research feeds less directly to end users, but 
is vital to support the work of the other themes. Longer-term research into fundamental 
processes has traditionally been supported mainly by UK Research Councils, with 
DEFRA and EA providing greater support for modelling efforts. However, the 
refinement of existing models (ERP2) and the development of new models (as 
envisaged for ERP3) will require substantial investment in computational and modelling 
methods. Some of this might come from Research Council or other sources. 
 
The ‘delivery’ component of the R&D chain must identify users with long term interests 
in estuarine matters and determine the means of delivering the information, 
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understanding and management tools that they need. These requirements are also 
highlighted in recently published CIRIA guidelines for maximizing the use and 
exchange of coastal data (Millard & Sayers, 2000). Interpretation of complex scientific 
findings and arguments is crucial if decision makers and managers are to make best use 
of the available science. Training must inform user perceptions concerning the ultimate 
goals of adaptive estuary management, as well as what is and what is not achievable in 
terms of both monitoring and modelling. At the same time, there will always be a need 
for expert interpretation and professional judgement. 
 
The need for effective uptake is already being addressed through the ERP1 Uptake 
Study (FD2110). Careful attention should be given to the delivery and implementation 
of ERP2 results. Advantage should be taken of pilot and demonstration studies and with 
opportunities to link into operational schemes. These elements of the programme will 
need strong co-ordination by a Programme Management Team.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Figure 
of estua

Estuaries 
ERP2RPfin
Fundamental
research 
P

Fore

Processes 

BS

Engin

2.1 Logical framework for 
rine flood and coastal defen

Research Programme Phase 2 Res
al25-7-2002.doc 
Immediate 
R&D 
 

olicy 

Risk 

casting 

M 

eering 

research provisio
ce research. 

earch Plan 
 

Interpretation 
& uptake 
 
 
 
 
 
 
 
 

user 
needs 

 

DEFRA / EA
NERC / EPSRC / EU
n against user needs in respect 

Page 8 



                                                           

3 SCIENTIFIC BACKGROUND 
 
 
This section briefly outlines the approach taken by ERP1, re-states its principal findings 
and recommendations, and reviews other recent research and alternative methodologies 
that might be incorporated into ERP2. 
 
 
3.1 ERP1 science 
The Estuaries Research Programme was established with the aim of providing the tools 
necessary to predict estuarine behaviour with sufficient accuracy and reliability to 
inform decision making by estuary users. Phase 1 was essentially concerned with 
comparative evaluation of existing methods of simulating the morphodynamic 
behaviour of estuaries in response to environmental forcing and human activity. The 
emphasis was very firmly on various forms of modelling, partly on the basis that 
important aspects of estuary behaviour (e.g. progressive morphological change, degree 
of equilibrium between form and process, sediment budget) are extremely difficult to 
determine from direct measurement. However, sufficient data must be available to 
support modelling efforts and an early task involved the collation of existing 
morphological and hydrodynamic data (with associated metadata) into a database 
covering a wide range of estuaries. To this end, a Geographical Information System 
(GIS) was established, based upon the 4D (3 spatial dimensions plus time) STEM 
architecture (Morris et al, 1999). Six estuaries (the Humber, Blackwater, Southampton 
Water, Tamar, Mersey and Ribble) were then selected as test-beds for the evaluation of 
15 models and modelling approaches. Each estuary was investigated using between 3 
and 7 alternative models. 
 
ERP1 made a conceptual distinction between ‘top down’, ‘bottom up’, and ‘hybrid’ 
models. The bottom up approach is exemplified by physically based numerical models 
which provide 1, 2 or 3D solutions of the shallow water equations which can be linked 
to models of sediment transport or water quality. Computational overheads increase 
with model resolution and dimensionality. Models of this type do not usually contain 
any explicit feedback between process and form, although evolution of morphology can 
be simulated by updating the model geometry at discrete time intervals using calculated 
rates of erosion and sedimentation. Computational overheads are usually large and, 
irrespective of computer power, there are inherent limits to the temporal scale over 
which reliable predictions can be made, especially concerning the continuous evolution 
of morphological change under the influence of hydrodynamic processes. This problem 
is well-documented in the field of broad-scale coastal modelling (e.g. de Vriend et al, 
1993; see also below) and arises partly from the properties of the numerical schemes 
employed (including the coupling of multiple hydrodynamic and sediment transport 
models) but also from non-linearities in real system behaviour. Models evaluated by the 
EMPHASYS consortium (EMPHASYS, 2000a) included EstBed, Telemac, Isis, 
Biotide, POLest and TRANSVERSE. 
 
Top down approaches are more varied. Some synthesise data and process understanding 
into a conceptual model of how the system operates and is likely to behave in future. In 
some cases, it is possible to test the model against known historic changes. Other 
models are based upon assumed general principles of system behaviour (including 
concepts such as dynamic equilibrium, sedimentary ‘rollover’ and sediment 
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‘accommodation space’). This approach is well suited to longer term prediction of 
larger-scale morphological change, using empirically defined relationships between 
form and function or extrapolation of historical trends. However, the underlying 
processes are usually represented only implicitly and, equally important, many of the 
underpinning theoretical assumptions (especially those involving adjustment of 
morphology towards some kind of equilibrium condition) remain largely untested. Top 
down approaches evaluated in EMPHASYS (2000a) include regime, rollover and 
accommodation space models; Historical Trend Analysis (HTA); and Expert 
Geomorphological Assessment (EGA). 
 
Hybrid approaches combine the explanatory power, and physical robustness of bottom 
up models with the conceptual insights into whole system behaviour afforded by a top 
down view. Often, they take the form of a top down model, calibrated at discrete time 
intervals or in a probabilistic manner by reference to output from a bottom up model. 
Three such models were evaluated during ERP1: the ESTMORF model (Delft 
Hydraulics); EstEnt (ABP) and HYMORPH (HR Wallingford). 
 
A broad conclusion of ERP1 was that, although the various models each have their own 
strengths and weaknesses, none are uniquely suited to prediction of medium to long 
term estuary morphodynamic behaviour. The suggested way forward involves the 
development of improved hybrid methods, which utilise the insights into long term 
behaviour afforded by top down models to provide a conceptual framework for the 
application of bottom up predictions of flow and sediment dynamics. This may well 
provide an appropriate platform for medium term (10-50 year) prediction in particular 
estuarine contexts. However, ERP1 also recognised that basic research into other 
approaches (including stochastic methods) is needed to provide meaningful insights into 
longer term behaviour. This view is re-emphasised here and developed further in 
Section 3.4. 
 
ERP1 was commissioned in response to the need for methods to predict changes in 
estuary functioning in response to management interventions and environmental change. 
The scientific consensus amongst the EMPHASYS consortium was synthesised into 
guidance on the techniques that can be applied to provide this knowledge 
(EMPHASYS, 2000c). This guidance takes the form of a structured approach to the 
tackling of estuarine management questions, supported by pointers to the selection and 
application of predictive tools. The guidance covers questions concerned with: the 
characterisation of estuary functioning (i.e. how the present system works), 
identification of issues and risks; identification of planning options; scheme design and 
prediction of impacts; management intervention; and post-project monitoring and 
evaluation. At the start of ERP1 it was envisaged that this ‘Mark 1’ EIAS would be 
enhanced under ERP2, as a precursor to a more fully integrated Estuary Management 
System (EMS) to be developed under a subsequent Phase 3. Particular areas for 
enhancement under ERP2 include: 
 
• The interpretation, dissemination and uptake of ERP1 science such that the 

appropriate questions are asked (e.g. what are the important processes and system 
linkages?; what should be measured or monitored in order to characterise present 
state or detect change?). 

• Medium-term predictive capability (e.g. likely impacts of natural change and 
intervention; linkages between physical changes and ecosystem function; scheme 
performance versus wider impact). 
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These enhancements must be facilitated by new data (for more sophisticated decision 
support tools and wider geographical application of existing tools); further process 
understanding (to support improved predictive modelling tools); better interpretation 
and formalisation of scientific understanding (to deliver more readily and widely 
applicable top down assessment in particular); and by maintenance and delivery of 
existing R&D. Additional R&D is needed to provide more robust frameworks for 
longer-term modelling and for the closer integration of physical, ecological and socio-
economic factors. The detailed requirements for both the enhanced EIAS and an 
integrated EMS are beyond the remit of this Research Plan and clearly need to be 
scoped more fully within ERP2. 
 
 
3.2 ERP1 recommendations  
The ERP1 recommendations for further research distinguish between data and 
monitoring; model development; and additional basic research. In the case of model 
development, a further distinction is made between the research needed to refine, first, 
large scale and long term (‘top down’ and ‘hybrid’) models and, second, local to 
medium scale (‘bottom up’) models. Some 61 individual research priorities are 
identified (EMPHASYS Consortium 2000c). There is some overlap between these and 
in the summary presented below some topics have been combined in an effort to reduce 
the list to more manageable proportions. Cross-references to the ERP1 report 
(EMPHASYS Consortium 2000c) are retained to indicate the extent of this 
rationalisation. Most items have some bearing on flood defence (including its socio-
economic dimension). However, a few topics for which this linkage is not immediately 
clear are set aside for separate consideration. 
 
Data availability for UK estuaries is highly variable. Very few estuaries have 
comprehensive datasets relating to bathymetry and morphological change, 
hydrodynamic processes, sediment characteristics and ecological function. Indeed many 
estuaries have no systematic data coverage, and these include sites with significant 
flood and coastal defence infrastructure (especially smaller estuaries with limited 
commercial port development). 
 
The ERP1 study was confined to six representative estuaries for which existing data 
were sufficient to allow meaningful comparative evaluation of model performance. 
Further progress demands the expansion of data coverage to allow wider application of 
existing modelling and management tools, as well improvements in the quality of data 
collection to permit the application of both refined and fundamentally new models. 
 
It was recognised in ERP1 that future data collection and monitoring needs will be 
highly dependent upon the modelling strategy adopted for ERP2 (e.g. an intensive effort 
in a small sample of estuaries versus a more extensive analysis of a larger geographical 
sample). However, indicative priorities were highlighted: 
 

1. More accurate and more spatially complete bathymetric surveys (including sub-
tidal, inter-tidal and supra-tidal environments). Accurate baseline surveys provide 
the basis for assessment of future change. Sequential surveys are required for 
determination of change and for rigorous testing of the ability of morphodynamic 
models to represent form-process feedbacks. New and more sensitive methods of 
detecting change, including remote sensing methods such as LIDAR altimetry, 
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should be investigated (with some basic research into methods). [EMPHASYS 2000c 
Section 3.1(i) + 3.1(ii) + 3.3.1(ii)] 

2. New time-series data for hydrodynamic, meteorological and sediment transport 
variables are necessary to provide model boundary conditions and to allow the 
development of statistically based models. [3.1(iii)] 

3. Information on the spatial and temporal variability of sediment characteristics, 
including geotechnical and biological controls on sediment stability (and their 
linkages with biodiversity and water quality). Application of remote sensing. 
[3.1(iv)+3.2.4a(i)] 

4. Information on sediment age-structure in case study estuaries is needed to 
determine long term rates and patterns of erosion / accretion. [3.1(v)] 

5. Synoptic linked physical, geochemical and biological datasets are required to test 
hypotheses concerning the feedbacks between, for example, morphological change 
and ecosystem function. [3.1(viii)] 

6. Quantitative surveys of economic and cultural (including archaeological) interest 
are needed to support the development of integrated physical and socio-economic 
modelling tools. [3.1(ix)] 

 
A non-flood defence data need relates to improved inventories of contaminants within 
estuarine sediments in support of water quality modelling. Information on sediment and 
pore-water chemistry is also required in support of studies of water quality and impacts 
on biota of sediment remobilisation. [3.1(vi)+3.1(vii)] 
 
In order to achieve the desired medium to long term (50 – 100 year) prediction of 
estuary morphological and related physical and ecological responses to human and 
environmental forcing, significant improvement of existing models is required. The 
ERP1 study makes a distinction between large scale and long term prediction 
(essentially the realm of ‘top down’ and ‘hybrid’ approaches) and smaller scale, short to 
medium term prediction (the realm of ‘bottom up’ models). Priorities identified by 
ERP1 relate to: 
 

7. The influence of geological constraints on estuary shape. [3.2.2a(i)] 
8. Concepts of equilibrium shape and development of related hydraulic geometry and 

regime-type models. [3.2.2a(ii)] 
9. More rigorous techniques for prediction of long term morphological change in 

response to environmental forcing. [3.2.2a(iii)] 
10. Formalisation of HTA and EGA approaches. [3.2.2a(iv)] 
11. Coupling of whole estuary models with more detailed models of individual estuary 

components. [3.2.2b(i)] 
12. More realistic representation of intertidal environments and processes in estuary 

models. [3.2.2b(iii)] 
13. Refinement and testing of quantitative relationships between morphology, 

sediments and hydrodynamics (e.g. Stability Factor Analysis). [3.2.2b(iv)] 
14. More realistic modelling of estuarine wave processes, wave-current interactions, 

and related stress fields. [3.2.3a(i)+3.2.3a(v)] 
15. Effects of altered morphology on hydrodynamic and sediment-transport processes. 

[3.2.3a(ii)] 
16. Methods for predicting the interaction between extreme and changing long term 

average fluvial / hydrological processes and existing tidal processes. [3.2.3a(iii)] 
17. Prediction of tidal processes in areas of complex morphology (e.g. intertidal areas; 

channel systems). [3.2.3a(iv)] 
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18. Improved modelling of turbulence and mixing. [3.2.3a(vi)] 
19. Use of sediment properties (e.g. grainsize) to predict net transport paths. [3.2.4a(ii)] 
20. Refinement and application of sediment fingerprinting techniques to define 

sediment transport paths. [3.2.4a(iii)] 
21. Investigation of the behaviour of mixed sediments. [3.2.4b(i)] 
22. Improvement of techniques to determine the critical shear stress and erosion rate 

of real sediments (including effects of biota). [3.2.4b(ii)] 
23. More realistic bed roughness representation. [3.2.4b(iii)] 
24. More realistic parameterisation of bedload transport. [3.2.4b(iv)] 
25. More realistic representation of vertical suspended sediment profile variation in 

models. [3.2.4b(v)] 
26. Quantification and parameterisation of the influence of mineralogy, geochemistry 

and biological processes on sediment stability and behaviour (including settling 
and re-suspension. [3.2.2b(ii)+3.2.4b(vi)+ 3.2.5b(ii)] 

27. Improved quantification on the controls on fluid mud behaviour. [3.2.4b(vii)] 
28. Impact of changes in estuary morphology on ecosystem function. [3.2.5a(i)] 
29. Definition of ‘user preferences’ for individual estuaries. [3.2.6(i)] 
30. Improvement of existing cost benefit and valuation techniques in respect of 

specific activities (dredging, realignment etc). [3.2.6(ii)] 
31. Prediction of future growth pressures (link to socio-economic forecasting). 

[3.2.6(iii)] 
 
Non-flood defence research topics include the use of water quality data to infer 
hydrodynamic processes [3.2.4a(ii)]; links between morphology, sediments, 
hydrodynamics and infaunal and bird population dynamics [3.2.4b(i)+3.2.2.b(ii)]; and the 
influence of changes in estuary turbidity and water quality (including pollutants) on 
sediment properties and biota [3.2.5b(iii)+3.2.5b(iv)]. 
 
ERP1 identified a need for further work on physical, chemical and biological processes, 
the exploration of new analytical and modelling approaches, and the means of 
interfacing geomorphological, ecological and socio-economic models. The main themes 
include: 
 

32. Statistical methods for analysis of short term and long term change. [3.3.1(i)] 
33. Investigation of geomorphological concepts relevant to understanding of complex 

morphological responses to environmental forcing. [3.3.1(iii)] 
34. Estuarine applications of inverse modelling approaches. [3.3.1(iv)] 
35. Analysis of long term hydrodynamic datasets to identify cyclic and non-linear 

behaviour. [3.3.2(i)] 
36. Investigation of the potential for large-scale hydraulic modification of estuaries as 

a means of managing flow regime. [3.3.2(ii)] 
37. Further development of instrumentation for measurement of suspended sediment 

concentration and both suspended and bedload flux. [3.3.3(i)] 
38. Development of new sediment fingerprinting techniques, especially for fine 

sediments. [3.3.3(ii)] 
39. Development of new methodologies for sediment budget analysis. [3.3.3(iii)] 
40. Fundamental research on the interactions between morphological, 

sedimentological and ecological parameters, including effects of contaminants on 
biota, and biota on sediment stability. [3.3.4(i)+3.3.4(iii)] 

41. Development of techniques for beneficial use of dredgings. [3.3.5(i)] 
42. Development of saltmarsh (and other habitat) restoration techniques. [3.3.5(ii)] 
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43. Development of techniques for large-scale managed realignment. [3.3.5(iii)] 
44. Development of new socio-economic and risk modelling techniques. [3.3.5(iv)] 
45. Development of integrated assessment models (IAMs) incorporating physical and 

socio-economic factors. [3.3.5(v)] 
46. Clearer definition and representation of ‘user preferences’ within IAMs. [3.3.5(vi)] 

 
Less related to flood defence is the need to determine the role of turbidity maxima as 
natural ‘bio-reactors’ of pollutants and contaminants [3.3.4(ii)]. 
 
Even after rationalisation, the list of ERP1 recommendations runs to nearly 50 topics. 
These provide a broad basis for the planning and commissioning of future R&D, but it 
is beyond the budget of DEFRA and EA to fund specific projects in all of these areas. 
There is, therefore, a need for a stronger prioritisation and a more explicit placement of 
projects in relation to funding source, since many of the basic science activities might 
appropriately be funded (or co-funded) by Research Councils or other bodies. 
 
Significant programmes of estuary-related research undertaken outside the ERP need 
also to be incorporated into the ERP2 framework. These include work on the assessment 
of risk, performance of structures, effective use and exchange of coastal data, 
management of saltmarshes, and sediments and habitats. Some of this output is alluded 
to in ERP1 (EMPHASYS, 2000c), but it is important that the output of such projects is 
explicitly acknowledged in the ERP2 Research Plan. It is also appropriate to 
acknowledge research published since the initial scoping study of 1997, and the 
commencement of ERP1 in 1999, and to draw upon the experiences of other disciplines 
concerning with the modelling of large-scale environmental phenomena. These areas 
are explored below. 
 
 
3.3  Other DEFRA/EA and UK research relevant to estuaries 
A number of other DEFRA/EA R&D projects and other long established R&D 
programmes are highly relevant to the management of estuaries. Some of these have 
resulted in best practice guidelines which ought to be taken into account in the planning 
and co-ordination of future estuarine research. For example, CIRIA have produced 
guidelines on the use and exchange of coastal data (Millard & Sayers, 2000), most of 
which are also germane to the data needs of estuarine users. The CIRIA report notes that 
organisations operating in the coastal zone frequently reach the conclusion that they 
have insufficient data upon which to base management decisions. In most cases, a real 
lack of data is only part of the problem: more often, existing data are difficult to find, of 
insufficient quality, in the wrong format or too expensive. Common data needs exist 
between organisations and improved exchange would maximise the return from past 
monitoring efforts, reduce the need for new collection, and increase the cost-
effectiveness of future monitoring. Many of the key policies and technologies advocated 
by CIRIA to maximise the use and exchange of coastal data are applicable to the 
commissioning and dissemination of estuarine R&D. 
 
The focus of ERP1 was very much on the prediction of whole estuary behaviour. 
However, its recommendations highlight the need for improved models of component 
sub-systems – particularly tidal flats and saltmarshes. Much R&D has been undertaken 
in these areas, notably through the Saltmarsh Management for Flood Defence R&D 
Programme established by NRA in 1993. This has supported a range of projects which 
have addressed, inter alia, techniques for the maintenance and enhancement of 
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saltmarshes; sedimentation within managed realignment sites; and the effectiveness of 
saltmarshes in dissipating wave energy. Outputs from these projects are collated an 
evolving Saltmarsh Management Manual (EA/NRA, 1993-). MAFF/DEFRA has also 
funded, in partnership with NERC, the monitoring of the experimental managed 
realignment scheme at Tollesbury (FD1101) in respect of both within-site changes and 
wider impacts in the adjacent estuary. Other relevant research includes work on the 
beneficial use of dredgings for estuarine sediment recharge. A wide-ranging Department 
of Environment funded review was produced by HR Wallingford (1996) and studies of 
specific schemes have also been undertaken (such as the innovative Harwich Haven 
Authority-funded cohesive sediment foreshore recharge at Shotley, Orwell estuary 
(French et al, 2000)). A new initiative is the English Nature/EA/DEFRA is the Living 
With The Sea Project (funded under the EU LIFE programme and running from 1999 to 
2003). This is aimed at incorporating understanding of long term (defined as 30 – 100 
year) coastal change into sustainable integrated management policies. This project is 
especially relevant here since it aims to develop mechanisms for delivering flood and 
coastal defence schemes which are compliant with the Habitats Directive (e.g. through 
Coastal Habitat Management Plans, or CHaMPS, and through demonstration projects 
and working partnerships between the engineering, conservation and landowning 
stakeholders). 
 
There is much academic work on estuaries. Major EU projects funded under the 
MASTIII Programme (Framework IV), include INTRAMUD (morphological behaviour 
of intertidal mudflats) and COSINUS (prediction of Cohesive Sediment transport and 
bed morphodynamics in estuaries and coastal zones with Integrated Numerical 
Simulation models). Also funded in Framework IV were ISLED (impact of rising sea 
level on ecosystem dynamics of saltmarshes) and ECOFLAT (investigation of the role 
of intertidal flats in the ecology of estuaries, and of methods of upscaling from local 
process understanding to predictions relevant for management at the estuarine scale). 
Some EU TMR programme outputs are relevant, such as SWAMIEE (Sediment and 
WAter Movements in Industrialised Estuarine Environments). 
 
Other work, especially in the field of sediment-biota interactions has wide, but so far 
largely unrecognised, implications for estuary flood defence management. For example, 
recent work by Hughes (1999, 2001) challenges the widely accepted concept of ‘coastal 
squeeze’ (Burd, 1992) and presents alternative hypotheses to account for the widespread 
historical saltmarsh loss. It is clearly desirable that work of this kind should be 
encouraged, that genuinely interdisciplinary partnerships be established, and that the 
results of university-led research should feed more directly into the development and 
application of estuary modelling and management tools. This demands a closer linkage 
between immediate R&D traditionally funded by DEFRA/EA and academic science. 
This need is particularly evident in the provision of the science needed to develop and 
properly test top down modelling approaches. There are a number of areas (‘coastal 
squeeze’; concepts of equilibrium, etc) where a lack of scientific consensus is presently 
limiting progress further down the ‘user supply chain’ depicted in Figure 2.1. 
 
 
3.4 Review of alternative modelling approaches 
 
3.4.1 Geophysical fluid dynamics and weather forecasting 
Whilst ERP1 was intended to evaluate the capabilities of approaches based upon tried 
and tested science it is important, in planning Phase 2, to set the discussion of estuary 
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morphodynamics in a wider context. Of particular relevance is recent work in 
geophysical fluid dynamics (GFD), a field which encompasses meteorology and 
oceanography as well as coastal and estuarine processes. The GFD community is 
coming to terms with the fact that increases in computer power (and model resolution) 
have not brought about a commensurate improvement in forecasting accuracy. Indeed, 
the community is now questioning not just the validity of the deterministic approach 
(which underpins the current generation of bottom up models) but also the conventional 
methodology of treating turbulent flow phenomena.  
 
Despite advances in our ability to predict fluid flow, continued application of 
deterministic methods will show increasingly limited returns. Deterministic ‘bottom up’ 
models are grounded in classical mechanics applied to continua. The motion of fluids is 
considered to be continuous at all scales, thus ignoring the ‘lumpiness’ of fluids at a 
molecular scale. It is commonplace to use expressions for ‘eddy viscosity’ to represent 
the effects of motion at unresolved scales. The coefficients are typically several orders 
of magnitude larger than measured values and are assigned largely on the basis of 
computational expediency. Indeed, a shortcoming of existing GFD is the implicit 
assumption that energy cascades from large to small scales and thence to smaller scales, 
at which the energy is lost to friction. There is growing evidence that, in non-linear 
systems, large-scale flow patterns can be ‘organised’ by smaller scale eddies. 
 
Experience of running deterministic numerical models over extended timescales has 
raised other problems. In particular, the full morphodynamic evolution equations are 
highly non-linear and predictions made with models based on these equations have 
demonstrated sensitivity to uncertainties in initial and boundary conditions (Nicholson 
et al, 1997; EMPHASYS, 2001c). Even if the inevitable uncertainties are made small, 
the non-linearities can amplify these so that in the medium to long term radically 
different outcomes may be forecast. As a result, additional investment deterministic 
models will have benefits that are necessarily limited in terms of their ability to inform 
strategic management. 
 
Coastal and estuarine processes operate over a very large range of scales and turbulent 
flow and sediment transport interact to define a kind of ‘morphological climate’. Efforts 
to model this ‘climate’ encounter many of the difficulties experienced in weather 
forecasting. The problem is especially severe, given that the dominant energy 
containing scales in the seas are one to two orders of magnitude smaller than those in 
the atmosphere. To achieve explicit resolution of the turbulent motions of estuaries 
comparable to that in weather forecasting models thus requires several orders of 
magnitude more grid cells or elements. Classical geophysical fluid dynamics allied to 
‘brute force’ numerical computation barely scratches the surface of this problem. There 
are several options: 
 
1 To wish for ever-more-powerful computers to take care of the problem for us by 

resolving the missing degrees of freedom; 
 
2 To ignore the scales (or ‘degrees of freedom’) we cannot keep track of, on the 

assumption that this will lead to small inaccuracies only; 
 
3 To ‘fudge’ the issue by replacing unresolved scales by ‘mixing’ on resolved scales; 
 
4 To address the probabilistic character of the problem from the outset. 
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The sheer scale of the problem precludes Option 1. Non-linearity means that Option 2 is 
fraught with difficulty. It cannot be assumed that small inaccuracies will remain small. 
Indeed, errors in initial conditions can rapidly dominate predictions, rendering forecasts 
useless or misleading. This aspect of the behaviour of non-linear systems has been 
studied extensively in meteorology, stemming from the work of Lorenz (1963) who 
considered the dynamics of a simplified model of the Earth’s climate. 
 
A key concept arising from this work is that of ‘phase space’. In a numerical model, 
various quantities such as velocity, sea surface elevation and bed elevation are 
calculated over a large grid of points. Computation of these quantities at each grid point 
may involve the solution of many thousands of equations for the same number of 
variables. Each variable may be considered to define an axis and the value of that 
variable a distance along that axis. For example, the values of the three components of 
velocity (u,v,w) at a single grid point over time could be used to define a path in three-
dimensional space, the coordinates of any point on the path being given by (u(t), v(t), 
w(t)). This path is often termed a ‘trajectory’, and the space defined by the axes is 
known as ‘phase space’. For periodic flow, the trajectory will be a closed curve. For 
other types of flow the trajectory may take on a complicated nature, such as a tangled 
ball of wool. The predictability of the evolution of the system can be characterised by 
analysing the trajectories in phase space. 
 
While this may appear very abstract it is sometimes easier to follow this route than to 
solve the original equations directly. In particular, it may be possible to establish that 
the trajectories occupy only a small part of the phase space. That is, even though a large 
morphodynamic model may have a phase space of many hundreds or thousands of 
dimensions, it may be possible to describe its underlying behaviour with a system of 
many fewer dimensions. A non-linear system is typified by the fact that two very 
similar initial conditions (points on the trajectory in phase space that are close together) 
will diverge strongly over time (i.e. the trajectories followed by the two points will 
become separated). System behaviour is essentially unpredictable and any individual 
trajectory in phase space is only meaningful in some statistical sense. Given a large 
ensemble of such trajectories, by sampling the initial conditions and their subsequent 
evolution we could form averages across this ensemble. In practice, calculation of even 
a tiny sample from such an ensemble with a ‘bottom-up’ model is not feasible. 
Attempting to foresee the long term evolution of estuarine systems by following all the 
swirls and eddies may never be feasible and is certainly uneconomical and inelegant.  
 
Thus, although morphodynamic models have had some success in forecasting short term 
behaviour they are not likely to be the accurate over the long term. In weather 
forecasting terminology, whilst we can make reasonable predictions of the 
morphological ‘weather’, predicting the morphological ‘climate’ is much harder. 
 
Global atmospheric models have transformed the daily weather forecast and, coupled to 
global ocean models, are now used routinely for seasonal predictions and climate 
change projections. Seven-day forecasts are as skilful today as two-day forecasts were 
30 years ago (e.g. Bengtsson 1999); the onset of El Nino and its impact on global 
weather patterns have been successfully predicted six months in advance (e.g. WMO 
1999); and quantitative projections of anthropogenic climate change provide the 
principal scientific basis for international protocols to reduce fossil fuel use (IPCC 
1996). Their success derives from: 
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• The incredible development of computers over the past 50 years; 
• The ingenuity of scientists in devising accurate and efficient computational 

representations of the equations that govern climate; 
• The development of open codes within an academic context, followed by 

migration to codes controlled by agencies for operational forecasting;  
• Prolonged and substantial investment in research and development. 

 
Yet these models remain far from perfect. For short and medium term predictions, 
Harrison et al (1998) argue that the model error is not a negligible source of forecast 
error. On longer time-scales, systematic model error dominates forecast accuracy. For 
example, data from the EU funded PROVOST project showed seasonal mean 
systematic errors in predicting mid-latitude weather systems to be comparable in 
magnitude with observed interannual variability (Brankovic & Palmer 2000). 
 
The standard modelling approach is based on truncating the equations of motion 
truncated at some prescribed scale and representing scales below this by deterministic 
bulk formulae that depend on the resolved flow and some adjustable parameters (i.e. 
Option 3 above). The practical difficulty in modelling ‘climate’, whether atmospheric or 
morphodynamic, lies in the fact that the governing equations describe a non-linear 
coupling of scales of motion that may range from hundreds of kilometres down to the 
viscous dissipation scale. The role of non-linearities in generating scale-invariant 
patterns is well known through the generation of ‘fractals’ by simple non-linear iteration 
and fractal structures found in the atmosphere (e.g. Lovejoy 1982, Tuck & Hovde 
1999), and in coastal morphology (e.g. Southgate and Beltran 1995). Any approximate 
scale-invariance that exists in real geophysical flows will be decisively broken in a 
conventional model that uses a mixing approach. It might be argued that by truncating 
the equations on a sufficiently small scale the sub grid-scale motions will be so 
energetically weak compared to the large scale motions (in which we are primarily 
interested) that it should be possible to describe the effect of the small scales to 
reasonable accuracy. 
 
Researchers in both geophysics and meteorology are questioning the conventional 
approach to treating unresolved scales. An illustration of the impact of such a 
parameterisation of unresolved scales on the behaviour of a non-linear system is given 
by Selten (1995), based upon analysis of the well-known Lorenz (1963) model. This 
shows that a truncated model provides reasonable short range forecasts. However, its 
long term behaviour bears no resemblance to that of the full model. Indeed, the long 
term behaviour of the truncated model has gross systematic errors in both its mean state 
and its internal variability. Good short range forecasting models do not, therefore, 
necessarily make good long term models.  
 
The use of stochastic noise to represent unpredictable small-scale variability is familiar 
in a number of geophysical models (e.g. Hasselmann 1976, Mason & Thompson 1992, 
Moore & Kleeman 1999). A version of stochastic parameterisation has been applied to 
the Met Office global weather prediction model (Evans et al 1998), and has shown that 
the medium range climate of the model is dependent on the implementation of the 
parameterisation. An alternative stochastic approach is to allow parameters that are 
taken to be fixed in the conventional approach to vary randomly. This method has been 
dubbed ‘stochastic physics’ in the meteorological literature. Stochastic parameterisation 
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appears to have a beneficial effect on the skill of probabilistic forecasts of rainfall (e.g. 
Buizza et al 1999), but remains at an early stage of development. 
 
Another possibility is to use realisations of evolution over a given period from several 
different models to determine the ‘climate’ statistics. These ‘multi-model ensembles’ 
consider perturbations of the model equations (in effect), and account for uncertainty in 
the statistics of the sub grid-scale motion. An alternative to this approach has been 
suggested in the meteorological literature by Riish∅jgaard (2001) and for shoreline 
evolution by Reeve & Spivack (2001). Rather than trying to forecast sample ensembles 
(consisting of tens or hundreds of individual model forecasts) we can seek to forecast 
ensemble averages directly, that is, to predict the time evolution of the statistical 
moments of the system. 
 
Thus, many of the problems related to the prediction of long term estuary behaviour are 
already being addressed in GFD and climate forecasting. Approaches developed in these 
fields might provide new insights into the predictability of estuary behaviour, robust 
frameworks within which to evaluate the results of more conventional bottom up 
models, and better long term forecasting of morphological (and ecological) change.  
 
 
3.4.2 Broad-scale ‘spatial landscape’ simulation 
Also of relevance to the estuarine impact assessment are developments in large-scale 
‘spatial landscape’ simulation. The Coastal Ecosystem Landscape Spatial Simulation 
(CELSS) model, originally developed to study natural and anthropogenic land loss in 
coastal Louisiana (Costanza et al, 1988; 1990), typifies this approach. A rasterised (cell-
based) representation of the landscape is used, and the simulation is based upon the 
linking together of a spatial array of point system models with modelled fluxes of water 
and materials. In CELSS, the point models describe the ecosystem behaviour of 
individual cells and the fluxes are obtained from a hydrological model. This approach 
owes much to rule-based cellular automata modelling (e.g. Engelen et al, 1995) but also 
has parallels with general atmospheric modelling. CELSS also incorporates some 
innovative elements. The point models are prototyped using generic system-modelling 
tools, whilst the full-scale simulation can be coded to take advantage of parallel or grid 
computing, which makes very large simulations (and simulation ensembles) a practical 
proposition. 
 
In North America, large scale spatial simulations have been applied to coastal wetlands 
(Sklar et al, 1994) and fluvial catchments (e.g. Voinov et al, 1999). In Europe, a similar 
scheme is being used to predict the effects of climate change on the Ebro Delta 
(Sanchez-Arcilla et al, 1996). In these applications, resolution is coarse (typically 
several thousand 1km2 cells; daily or monthly time steps; decadal timescales). In the 
UK, similar cellular automata-based models are being used to evaluate long term 
controls of sediment and contaminant metal delivery from the Yorkshire Ouse and Tees 
catchments to estuarine and coastal environments in the North Sea (Coulthard et al, 
2000; Coulthard, 2001). Simplified ‘process laws’ are applied to an array of up to 1 
million cells and simulations performed over timescales of 10-100 years. This is an 
explicitly hybrid approach (in the sense of EMPHASYS 2000c) which models the 
evolution of complex spatially distributed changes in habitat character (including 
morphology) at broad scales using aggregated parameterisations of the fundamental 
physical and biological processes. As Voinov et al (1999) show, the approach can also 
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incorporate socio-economic information. Physical and biological system responses can 
thus be investigated, as conditioned by socio-economic behaviour within a region. With 
the right kind of coupling between the models, feedbacks can be incorporated, including 
the effects of physical system change on socio-economic choices.  
 
A long term goal of the ERP is the development of an integrated Estuary Management 
System. In order to develop this capability, research is required into areas other than 
morphology and appropriate modelling methodologies must also be established. Spatial 
landscape simulation approaches ought to be investigated as a basis for integrated and 
adaptive estuary management. This capability is unlikely to realised immediately, but 
some investigation of the enabling technology is appropriate for ERP2 (possibly as a 
highlighted priority for Research Council funding). 
 
 
3.4.3 Qualitative modelling of coastal and estuarine systems 
Another potentially fruitful way ahead may be found in the field of qualitative 
modelling. In the sense of Kuipers (1986) this involves the formalisation of knowledge 
in a way that emphasises natural system characteristics rather than model details. This 
recognises the fact that it is possible to have clear understanding of a system without an 
attempt to represent it as a series of equations. Rather, qualitative modelling first 
examines key aspects of the system and the laws known to govern their interaction, then 
develops a conceptual representation within which the relationships between system 
components can be studied. A common form of representation is a signed graph (a kind 
of ‘system diagram’) in which interactions are expressed in terms of directional 
feedbacks. The response of the whole system to a specified input can be investigated 
formally through matrix calculus (Puccia & Levins, 1985). 
 
A good example of this approach applied to broad scale coastal morphodynamic 
modelling is provided by Capobianco et al (1999). They make the important point that 
good integrated conceptual models are the starting point for good integrated modelling 
tools. In the present context, qualitative modelling (including an element of formal 
mathematical analysis) would both complement and strengthen the top down 
approaches evaluated by ERP1. The methodology could provide a framework for 
formalisation of existing geomorphological approaches (e.g. Historical Trend Analysis 
and Expert Geomorphological Assessment), as recommended by ERP1. There are also 
parallels with the DEFRA-funded Futurecoast project (FD2002). This aims to provide a 
holistic overview of coastal systems and indicative insights into future behaviour, as a 
framework for 2nd generation SMPs. Developed further using one or more estuarine 
demonstration studies, qualitative modelling would provide a bridge between 
deterministic bottom up models and the alternative mathematical approaches reviewed 
above. Inclusion of a formal mathematical modelling component would allow 
judgements to be made concerning the predictability of estuarine system behaviour, and 
the relative sensitivity of different parts of the system to change or intervention. 
 
 
3.4.4 Summary 
We have the opportunity in estuarine science to build on the experiences of researchers 
in the atmospheric and oceanographic sciences as well as those engaged in coupled 
physical, ecological and socio-economic simulation. Some of this experience needs to 
be harnessed if ERP2 is to lay the foundations for the next generation of estuary models 
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and management tools. Whilst immediate user benefits are to be had from the 
refinement, synthesis and uptake of existing knowledge, it makes sense for DEFRA/EA 
to ‘buy into’ these basic research areas in order that the direction of scientific progress 
is steered towards the needs of users. An important point here is that user-oriented 
research does not necessarily equate to ‘near-market’ research. 
 
Based upon the preceding review and reference to EMPHASYS (2000c) some 
additional recommended research areas include (with likely funding arrangement):  
 
1  A ‘Futurecoast-type’ project for estuaries, based upon qualitative modelling 

techniques, but with a more formal mathematical component to assess the 
sensitivity of estuary system to change and intervention. This would link estuarine 
and coastal management plans and strategies under a common conceptual umbrella. 
For procurement purposes, this work might be combined with the formalisation of 
geomorphological approaches recommended by ERP1 (DEFRA/EA). 

 
2 Investigation of the limits to prediction in the morphological modelling of estuarine 

and coastal systems. This would need to include a review of relevant methodologies 
from the geophysical literature and analytical and numerical analysis of 
morphodynamic evolutions equations, possibly using a case study (DEFRA/EA). 

 
3. Development of bottom-up models to improve parameterisation of unresolved 

scales; investigate ensemble prediction; and incorporate stochastic physics 
(EPSRC/NERC). 

 
4 Development and application of statistical methods to identify non-stationarity (e.g. 

cycles and trends, seasonal and annual variability); investigate linkages between 
variables; and provide a ‘process-neutral’ means of forecasting. In essence, this re-
emphasises a need identified by EMPHASYS (2000c) (Topics 32 and 35 in the 
preceding list). (EPSRC /NERC). 

 
5 Investigation of methods for estimating parameters and their distributions. This too 

re-emphasises one of the recommendations of EMPHASYS (2000c) (Topic 34 in 
the preceding list). (EPSRC/NERC).  

 
6 Evaluation of cell-based spatial landscape simulation techniques in the context of 

both a) smaller spatial scales to improve the representation of component systems 
(e.g. tidal flats and marshes); and b) developments in grid computing and very-large 
scale modelling (NERC, taking account of e-science and environmental 
mathematics initiatives). 

 
Some of these are not entirely new but simply re-emphasise or strengthen 
recommendations made by EMPHASYS (2000c). 
 
3.5 Prioritisation of ERP2 research tasks 
An outline prioritisation of the ERP1 recommendations as related primarily to the needs 
of BSM was undertaken by French and Townend (2000). This highlighted the need for 
development of hybrid model technologies such that improved versions of the 
approaches evaluated under ERP1 can be delivered within a 3 to 5 year timeframe. It 
also identified the most important advances in process understanding required to 
underpin the later stages of this enhancement and to allow development of next-
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generation models under a subsequent ERP Phase 3. This prioritisation is developed 
further here, with the addition of tasks related to interpretation and uptake, and the 
inclusion of some new science (much of it highlighted as a priority for Research 
Council support) to develop next-generation modelling capabilities and to properly test 
some of the important underlying scientific concepts. 
 
A revised list of research priorities is presented in Table 3.1. This distillation of the 
research reviewed under Sections 3.2 - 3.4 has been informed by: 
 
1 Current user needs. 
 
2 The need to fully utilise outputs from ERP1. 
 
3  The need to address not just morphological change, but also other aspects of estuary 

behaviour and function. ERP1 was very much focused on the prediction of 
morphological change: it is necessary at this stage to re-introduce the connection 
between changes in morphology and the risks from flooding and erosion that lie at 
the heart of the DEFRA/EA FCD programme objectives. 

 
4  Alternative modelling approaches which might, if explored now (not necessarily 

with core DEFRA/EA funding), provide the foundation for next-generation models. 
 
5 The organisation of the new DEFRA/EA programme, including the need to mesh 

estuarine R&D with that covering fluvial and coastal systems, and with policy 
frameworks (e.g. Water Framework Directive, Habitats Directive, CHaMPs, SMPs). 

 
6  The broader funding context and the need to narrow the gap between user needs and 

the direction of basic science research. 
 
7 The need to ensure value for public money. 
 
Table 3.1 further rationalises the research priorities into ‘project’ level themes. This 
process accounts for most of the original ERP1 recommendations. A few of these have, 
on closer consideration, been de-emphasised for the purposes of ERP2. For example, 
grainsize methods for determining sediment transport paths are very well established. 
Likewise, little additional user-oriented research is necessary on turbulence modelling 
(recently the subject of the major EU funded CARTUM project). A few new themes are 
introduced, based on the review undertaken in Section 3.4 of this report. Some of these 
do link directly to aspects of the ERP1 recommendations (i.e. they are not wholly new 
ideas). However, they have been developed further in this section in order to embrace 
wider scientific thinking, lay the foundations for next generation estuary models, and 
integrate ERP2 with other policy frameworks (e.g. CFMPs and SMPs). An attempt is 
also made to tie the research areas into the DEFRA/EA thematic programme structure, 
and to indicate the preferred funding source.  
 
This thinking is carried forward in Sections 4 which identifies a small number of well-
defined core R&D projects and some opportunities for co-funding. Topics which ‘fall 
through’ this selection are picked up in Section 5, which draws the attention of UK 
Research Councils and other funders to priority areas for basic science research. 
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Table 3.1 Research priorities for ERP2, based upon further rationalisation of 
ERP1 recommendations, preliminary prioritisation of French & Townend (2001) 
and review of this report. New (i.e. non-ERP1) themes are indicated by * in left 
hand margin. Shaded topics are most appropriate for DEFRA/EA funding under 
ERP2; unshaded topics are more appropriate for Research Council funding. Solid 
and open squares indicate strong and weak theme relevance respectively. Cross-
references to ERP1 topics (Section 3.2 this report); other relevant research 
(Section 3.3 this report) and areas of new research (Section 3.4 this report) are 
included. 
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ERP1 topic Remarks 
 Improved bathymetric data           1 Strategic need extends beyond ERP2 
 New estuarine time-series data          2 Strategic need extends beyond ERP2 
 Spatial & temporal variability in sediment properties             3 Includes use of remote sensing 
 Sediment age-structure in case study estuaries            4   
 Hybrid model enhancement          9,11,12,13,8,7 Reduce emphasis on equilibrium ideas? 
 Formalisation/uptake of geomorphological approach             10,33   
* Qualitative modelling - 'Futurecoast' for estuaries              33+S3.4 Link with SMPs and CFMPs 
* Limits to predictability of estuary morphology            9+S3.4 Required to support next-generation models 
 Inverse modelling techniques            34,35+S3.4 Priority for EPSRC funding 

* Ensemble forecasting techniques            9,32+S3.4 Priority for EPSRC funding 
* Evaluation of spatial landscape simulation approach           9,28,45,46+S3.4 NERC funding: possible basis for future EMS
 Critical testing of key geomorphological concepts            33,8+S3.3 Priority for NERC funding 

 Improved representation of intertidal areas            12,1   
 Methods for predicting extreme event interaction           16   
 Estuarine wave processes and modelling            14 Includes wave-current interaction 
 Tidal processes in complex morphologies             17   
 Parameterisation of bottom up models             18,23,24,25,27 Turbulence, mixing, friction, sedim. transport
 Behaviour of mixed sediments              21   
 Critical shear stress for real sediments             22   
 Sediment-biota interactions             26,40 Link with Sediments-Habitats project FD1910
 Mineralogy, geochemistry and sediment stability             26   
 Sediment fingerprinting, tracing and budgeting             20,37,38,39 Grainsize methods well-established 
 Saltmarsh management techniques             42,43 Need for update of Saltmarsh Manual 
 Compilation of socio-economic data sets             6,31 Required for ERP3 
 New environmental valuation methods             30,29 More relevant to ERP3 
 Prediction of future growth pressures            31 (also 44) Required for ERP3 
 Interpretation/uptake/dissemination of existing R&D         Various Need for links with other initiatives 
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4  DEFRA/EA R&D PROGRAMME 
 
4.1 Programme structure and delivery 
The funding envisaged for ERP2 was £2-4M (EMPHASYS 2000c) for a programme of 
3 to 5 years duration. Some projects already commenced or are ongoing as a result of 
ERP1 recommendations, the preliminary prioritisation of modelling tasks undertaken by 
French and Townend (2001) and the progress of the new DEFRA/EA Thematic R&D 
Programme. These and new projects arising from the fuller prioritisation undertaken in 
Section 3.5 of this report are presented here as a coherent programme of ERP2 work 
totalling approximately £2.7M. 
 
Table 4.1 lists the proposed core projects of the DEFRA/EA ERP2 programme along 
with indicative costs. Also included is a small budget to cover areas which might be 
targeted by co-funding initiatives involving Research Councils (or other bodies). 
However, the core projects (items 1-8) address the most immediate needs and account 
for most of the budget (nearly £2.5M). Each of the core projects is justified further in 
Section 4.2 and outline specifications for new projects are given in Section 4.3. 
 
The ERP2 core programme prioritises the delivery of Phase 1 results (Project 1 of Table 
4.1) and explicitly addresses user concerns relating to: data provision; the immediate 
need for improved predictive tools based on existing science; more robust top down / 
geomorphological modelling and assessment approaches; provision of the necessary 
scientific understanding in relation to both processes and the predictability of system 
response to change. The request for training has been addressed through the inclusion of 
specific elements within project specifications, and through the provision strong 
programme management (Project 8). It is recognised that the success of ERP2 will 
depend very much on co-ordination of the component parts. The establishment of a 
Programme Management Team will be very important here in co-ordinating the efforts 
of the project teams and in providing a link with the Estuaries Advisory Group (as the 
DEFRA/EA appointed body responsible for the oversight of estuarine R&D) and with 
the Theme Advisory Groups. As with ERP1, the EAG will obviously have an important 
role in reviewing progress and the delivery of the programme end products. 
 
From the user perspective, the major output from ERP2 will take the form of an 
enhanced (‘Mark II’) Estuarine Impact Assessment System (EIAS). This will comprise: 
 
• Updated versions of EIAS developed under ERP1 (EMPHASYS 2000b), based 

upon improved process understanding, more sophisticated coupling of physical, and 
ecological system models, and wider geographical application. 

 
• New and more robust top down approaches for geomorphological assessment and 

prediction of overall system sensitivity to change and intervention. 
 
• New guidance on monitoring, modelling and the predictability of estuary behaviour 

(i.e. what can reasonably be expected from predictive tools now, and in the future). 
 
• New and improved user training. 
 
• Improved uptake and integration of non-ERP R&D (including maintenance and 

electronic dissemination ongoing programmes). 
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More detailed specification of the ‘packaging’ and delivery of this suite of EIAS tools 
should be a task for the Project Management Team (under Project 8). The very 
significant data acquisition component will help underpin these deliverables, and should 
also facilitate wider geographical application of the EIAS tools (including existing 
tools). It is important that these data acquisition campaigns take account of broader user 
concerns, such as the need to formulate estuarine CHaMPS and manage ‘natural’ 
estuaries as well as urbanised estuaries with high concentrations of economic assets at 
risk from flooding and erosion. It will be necessary to take account of wider agendas 
here, and monitoring in support of FCD might easily benefit from national campaigns 
(especially in relation to ‘coastal zone’ mapping and remote sensing). 
 
Whilst focusing on the delivery of an enhanced EIAS, the programme preserves the 
original vision of an holistic Estuaries Management System (EMS) which takes account 
of the current and future social, economic and environmental pressures on estuaries. 
This is not deliverable in operational form within ERP Phase 2, but  science to provide 
foundations, links with other themes and scoping of its components. A full definition of 
the EMS is beyond the scope of the present ERP2 Research Plan and would delay the 
start of the scientific projects which are recommended here. This important task is 
therefore also included in the ERP2 Project Management and Delivery Project (Project 
8). This should identify in a logical manner all the items needed to deliver the Estuary 
Management System.  
 
 
 
Table 4.1 Proposed ERP2 core projects (1 - 8). Shaded field indicate additional 
areas of basic research recommended for co-funding with Research Councils. 
 

# Core R&D project title R&DTheme Status Cost(k)   
1 Uptake of ERP1 science BSM/Risk FD2110 100from ERP1 
2 Improved estuary data Risk New project(s) 450from ERP1 
3 Enhanced hybrid models BSM FD2107* 600from ERP1 
4 Estuary physical, sedimentary and biological processes Process FD1905 750from ERP1 
5 Enhanced top down models BSM New project 275from ERP1 
6 Predictability of morphological systems Process/BSM New project 120from this review 
7 Update / electronic dissemination of R&D guidelines Engineering New project 40from ERP1 
8 Delivery of ERP2 science BSM/Risk New project 150from this review 

    sub-total 2485  
# Budget for research council co-funding        
i Mathematical analysis of long term estuary behaviour Process/BSM New project(s) Co fund with ESPRC 
ii Evaluation of spatial landscape simulation for estuaries Process/BSM New project(s) Co fund with NERC 
iii Formal testing of critical scientific concepts BSM/Process New project(s) Co fund with NERC 

    sub-total 250  
          
      Total 2735  
  
* Project already approved but not yet awarded. 
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In Figure 4.1 individual projects are placed in relation to the logical framework for the 
matching of R&D to user needs. This diagram also includes related projects that lie 
outside the ERP2 programme but which are relevant to the overriding aim of reducing 
the risk from flooding and erosion through the provision of technically, environmentally 
and economically sound and sustainable defences. Major projects here include: 
 
• W5B(01)02 Risk Assessment of Flood and Coastal Defence Systems for Strategic 

Planning (RASP). This project is managed under the Risk theme and commenced 
April 2001 and is scheduled to run until March 2004. It will deliver interim products 
in 2002. 

 
• W5B(01)06 Performance and reliability of flood and coastal defence structures. This 

project is managed under the Risk theme and is scheduled to commence April 2002 
and to run until March 2003.  

 
• W5A(99)03 Condition monitoring and asset management in complex infrastructure 

systems. This project is managed under the Engineering theme and will finish in 
March 2003. 

 
• W5A(01)03 Concerted Action in O&M of flood and coastal defences. This project is 

managed under the Engineering theme and will deliver a framework for O&M in 
April 2002. 

 
Together, the above 4 projects will deliver the ‘Mark 1 Maintenance System’. 
 
• FD2411 Reducing the risks of embankment failure under extreme conditions. This 

project is managed under the Engineering theme. It commenced December 2001 and 
is scheduled to deliver a guide on Best Practice in December 2002. 

 
• FD1910 Coastal Concerted Action (All themes; April 2001 – March 2002). 
 
• FD1908 Sediments and Habitats Concerted Action (All themes; April 2001 – March 

2002). 
 
• FD2002 Prediction of Future Coastal Evolution for SMP Review (FUTURECOAST) 

(Policy Development theme; October 2000 – March 2002). 
 
All of the above lie outside ERP2, but they need to be managed in a co-ordinated 
manner with the ERP2 projects.  
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4.2 Core R&D projects 
 
1. Uptake of ERP1 science (FD2110) 
This project commenced in December 2001. The need for effective dissemination of 
ERP1 findings has been highlighted by the EAG and figures prominently in consultation 
carried for the production of the ERP2 Research Plan (see Appendix A). The ERP1 
Uptake Project will establish a take-up and training programme utilising two contrasting 
estuaries as ‘test beds’. The programme will explore alternative approaches to FCD 
problems faced by estuary managers, and will provide advice on the specification of 
monitoring and modelling programmes and on how to interpret the results. It will also 
scope out a framework for future data collection in support of estuarial broad-scale 
modelling and management. This component will review and build-up the database 
approach developed under ERP1 and will examine ways of ensuring consistency 
between existing EA databases and the GIS being established in support of CFMPs. 
This project is managed by the BSM Theme but links closely with data issues being 
addressed by the Risk Evaluation Theme. It might be useful to add the Risk-Based 
Management System to this (through a variation on the existing contract).  
 
 
2. Improved estuary data (New projects) 
Lack of data, and morphometric data in particular, figured prominently in the 
consultation process. Other data are also required but systematic multi-parameter 
process monitoring on any meaningful scale would greatly exceed the available budget. 
There are several aspects to the bathymetry problem. First, improved bathymetric data 
are required to deliver enhancements of existing models within estuaries already studied 
under ERP1. Improved intertidal coverage is a particular priority. Second, many smaller 
estuaries do not even have basic bathymetric data and this restricts the extent to which 
basic empirical / top down analyses can be performed. Third, there is a general need to 
put more existing data into the public domain. Projects are proposed to explicitly 
address the first two of these: 
 
2a Airborne LIDAR altimetry for estuarine intertidal areas 

Laser altimetry (LIDAR) is becoming established as a means of wide-area 
topographic survey. Although its accuracy should not be overstated, and there are still 
some difficulties with interpretation and extraction of land surface information 
(especially in urban areas), LIDAR offers a significant improvement over sparse 
ground surveys and existing digital data products (e.g. Ordnance Survey LandForm 
PROFILE data). Baseline LIDAR coverage of all coastal and estuarine areas is a 
priority, but in the interim, coverage should be secured for all of the ERP1 case study 
estuaries, for the sites chosen for the ERP1 uptake study and for major demonstration 
or ‘test bed’ sites developed as part of ERP2. In selecting sites, consideration should 
also be given to including candidate SAC sites, or locations where major schemes are 
proposed. This is needed to support the work of the modelling and processes studies. 
 

2b Bathymetric survey for smaller estuaries 
A review of existing bathymetric data is required and further bathymetry should be 
commissioned for a larger sample of estuaries (including smaller and/or less 
commercially developed estuaries which nevertheless have substantial defence 
infrastructures and assets at risk from flooding). Site selection criteria are the same as 
those indicated above. 
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Both projects could be managed under the Risk Evaluation theme, but have implications 
also for BSM, Processes and Engineering. All data should be made public domain 
(ideally with internet access to data and supporting metadata). Well-managed quality 
control, storage and access are essential (the cost estimate includes a element to cover 
this) and might be best carried out via a single centre (such as the EA National Centre for 
Environmental Data and Surveillance, Twerton). Opportunities to link these survey 
campaigns into broader national monitoring initiatives should be explored. It may also 
be possible to facilitate a more active stakeholder involvement, by encouraging (and 
funding) appropriately specified data collection as part of larger estuary projects.  
 
 
3. Development of estuary morphological models (New project) 
A major element of the ERP1 findings was the need to enhance existing estuary 
modelling capability and deliver immediate user-benefits in terms of the ability to 
predict the medium term (50 year) response of estuaries to natural and planned changes. 
Although some theoretical and practical limitations of existing modelling approaches 
have been raised in Section 3.4 of this report, there remains considerable scope for the 
enhancement of the existing array of hybrid models and for further use of bottom up 
models to test the assumptions underpinning top down models. Most UK estuaries are 
not natural alluvial systems free to evolve towards any idealised morphological 
equilibrium but exhibit varying degrees of constraint due to combinations of geological 
and anthropogenic influences. The hybrid approach advocated by ERP1 can provide 
valuable insights into their short and medium term behaviour. Further work is required 
to: improve the coupling of hydrodynamic and morphological models; develop better 
models for particular estuarine sub-systems (especially tidal flats and marshes) and link 
these to whole estuary models; investigate alternative threshold-based concepts of 
equilibrium; and improve the parameterisation of sediment properties (essential for the 
form-process coupling), including new uses of remotely sensed data (combinations of 
multispectral imagery and LIDAR altimetry).  
 
This project should include work package to investigate the implications of the 
enhanced models for the prediction of changes in flood levels and the risk of erosion, 
consistent with the overall FCD programme goals.  
 
New modelling tools developed under this project should be made available as open 
source (public domain) code, such that further testing and development is possible 
within the wider research community. This principle is consistent with current 
DEFRA/EA thinking and is vital if the resources of the academic community are to be 
harnessed effectively for the delivery of improved estuary management tools. Whilst it 
is recognised that much use will continue to be made of commercial ‘closed code’ 
modelling tools (the development of which has not been publicly funded), there is 
considerable scope for generic open source extensions. Some commercial model codes 
are ‘open ended’ in that the user has access to a substantial set of sub-program code and 
can thus customise and extend the basic model to suit particular applications. 
 
This project will be managed by the BSM Theme, but has clear links with the Processes 
Engineering and Risk Themes. 
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4. Estuary physical, sedimentary and biological processes (FD1905) 
Fundamental research into estuarine processes is needed to support the enhancement of 
existing estuary models and to lay the foundations for next-generation models. This 
project aims to improve the understanding of hydrodynamics, sedimentary processes 
and sediment-biota interactions. Specific areas of research address a large number of the 
ERP1 recommendations. Objectives in relation to hydrodynamics focus on improved 
modelling of estuarine waves and their interaction with tidal processes in areas of 
complex bathymetry; the impact of extreme events (including fluvial discharges) and 
anthropogenic alterations; and the interrogation of existing time-series data to improve 
the understanding of system behaviour. Research into sedimentary processes includes 
the behaviour of mixed sediments, the sediment transport profile (consolidation 
behaviour, fluid mud response to wave and tide-induced stress and suspended sediment 
transport); and the erosional behaviour of real sediments. Linkage between physical 
processes and biota to be investigated including the effects of vegetation and infauna on 
the stability, erodibility and deposition of sediments. This project commenced late 2001 
under the management of the Processes Theme. 
 
 
5. Geomorphological modelling (New projects) 
The need to strengthen and formalise top down modelling approaches was highlighted 
by EMPHASYS (2000c) and also emerged as a high priority during consultation. Two 
related projects are proposed to meet this need: 
 
5a Formalisation and interpretation of geomorphological concepts 

This project addresses two distinct needs identified by ERP1: the need to review and 
properly define key geomorphological concepts (including those that underlie the 
various top down models); and the need to formalise empirical and conceptual 
modelling approaches such as Historical Trend Analysis and Expert 
Geomorphological Assessment. The idea here is to translate existing scientific 
understanding more effectively into the user domain and bridge the gap between 
academic research and the needs of estuary managers. It also acknowledges the need 
for interpretation and training in addition to dissemination. This project might be 
managed by under BSM but clearly has strong links to Processes and Engineering. 

 
5b Qualitative modelling of estuarine systems 

This project does not arise directly from the ERP1 recommendations but is intended 
to provide a conceptual framework for estuarine management plans and strategies 
and to link with frameworks developed for adjacent open coasts (SMPs and 
CHaMPS). It builds upon ideas applied in the EA-funded Futurecoast Project and 
combines these with a more formal mathematical analysis of estuary system structure 
and sensitivity to change. Through the selection of a small number of case study 
estuaries, the project also has the potential to link in with major regional initiatives 
(e.g. the Thames Estuary Project). This project should be managed under BSM. 

 
 
6. Understanding the limits of predictability of morphological systems (New project) 
Existing morphological models are not able to provide consistent and reliable long term 
prediction. The full morphodynamic evolution equations are highly non-linear, and 
predictions made with models based on these equations have demonstrated sensitivity to 
uncertainties in initial and boundary conditions. This project draws upon the 
experiences of other geophysical disciplines engaged in long term forecasting, and is 
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intended to improve understanding of the uncertainties in long term predictions of 
estuary morphological evolution, as well as provide pointers to the development of the 
foundations required for next-generation estuary models and management tools. 
 
 
7. Maintenance and dissemination of existing guidelines (New project) 
The substantial programme of EA-funded saltmarsh R&D is highly relevant to estuaries 
and it is appropriate to interface this with the ERP. This low-cost project preserves the 
value of saltmarsh R&D undertaken over a 10 year period, updates it to take account of 
more recent work, and converts the Saltmarsh Management Manual into electronic 
format to allow dissemination via the Internet. A similar update and electronic 
dissemination should be undertaken for other manuals and best practice guidelines. This 
might include the Guidelines for Beneficial Use of Dredge Material (HR Wallingford 
1996). This project would be appropriately managed by the Engineering Theme. 
 
 
8. ERP2 Project Management and Delivery 
In contrast to ERP1, which was undertaken by a single consortium (EMPHASYS), 
ERP2 is comprised of a number of discrete projects. It is essential that these are co-
ordinated and the focus of the programme maintained in relation to DEFRA/EA flood 
defence needs. It is especially important that there is regular exchange of experience and 
ideas between the teams concerned with the major ERP2 projects (hybrid modelling, 
processes, qualitative modelling and data acquisition). Interim outputs and meetings will 
be needed to communicate with user representatives (most obviously in the form of the 
EAG) and to establish links with ongoing management and improvement work through 
pilot or demonstration projects. There will also be a need for a formal take-up and 
training programme undertaken similar to that undertaken at the end of ERP1 (FD2110). 
This should focus on the different user needs and tools in the Estuary Management 
System and will focus on the CIRIA Route Map for dissemination and implementation. 
An ongoing scoping element should also be included to, first, formally define the 
requirements for an enhanced EIAS (to be delivered under ERP2), and second, set out 
the requirements and framework for a future EMS. 
 
 
4.3 Outline specifications for ERP2 core projects 
The following pages provide outline specifications for the new projects of Table 4.1: 
 
2. Improved estuary data 
   2a  Improved estuary data: LIDAR altimetry for estuarine intertidal areas 
   2b Improved estuary data: bathymetric data for smaller estuaries 
 
3. Development of estuary morphological models 
 
5. Geomorphological modelling 
   5a  Interpretation and formalisation of geomorphological concepts and approaches 
   5b  Qualitative modelling of estuarine systems 
 
6. Understanding the limits of predictability of morphological systems 
 
7. Maintenance and dissemination of existing guidelines 
 
8. ERP2 Project Management and Delivery 
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Title 2a: Improved estuary data: LIDAR altimetry for estuarine intertidal areas 
Objective 
 

To improve the representation of intertidal areas within case study 
estuaries studied under ERP1 and ERP2. 

Background and 
scientific context 
 

The need for improved bathymetric data is paramount and was recognised 
by EMPHASYS(2000c) and by French & Townend (2001) as crucial for: 
• The assessment of future change. 
• More rigorous testing of existing models and an extension in their 

geographical application. 
There is a pressing need for better topographic data for intertidal areas. 
Tidal flats in particular are poorly represented by conventional ground 
and echo-sounding surveys and exert a strong influence on tidal and wave 
processes and sedimentary function. Airborne LIDAR has, after initial 
teething problems, been substantially proven as a low-cost technique for 
wide area survey. Substantial areas of the UK coastal strip have been 
flown, but estuary coverage is patchy, with some sites being flown at a 
high tidal state., National coverage should be a priority, but in the interim, 
efforts should focus on the main ERP1/ERP2 case study estuaries 
(including those selected for additional subtidal bathymetry). 

Outline work 
programme 
 

• Review of existing LIDAR coverage (including check on quality of 
early cover). 

• LIDAR campaigns within each of estuaries studied in detail under 
ERP1 and ERP2, with surveys to be undertaken at/below MLWST. 

Outputs 
 

High quality digital elevation data for estuaries research under ERP1 and 
ERP2 (including demonstration case studies). All data to become public 
domain and to be made available via the www to the wider research 
community. 

User benefits • Immediate improvement in ability to refine, test and apply existing 
models. 

• Direct support for ongoing ERP2 R&D (as well as other estuarine 
initiatives such as the designation of Special Areas for Conservation 
(SACs) and the formulation of CHaMPS). 

Key linkages Feeds directly into model development (FD2107) and basic processes 
research (FD1905) projects, but also has implications for engineering. 
This project might also link with the new Integrated Coastal Zone 
Mapping Project (ICZMaP) which is concerned with the integration of 
terrestrial and marine geographic data held by the British Geological 
Survey, Ordnance Survey and United Kingdom Hydrographic Office 
across the coastal zone. 

Procurement; 
indicative cost 

£200k 
This work might be appropriately undertaken by the EA National Centre 
for Environmental Data and Surveillance. 
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Title 2b: Improved estuary data: bathymetric data for smaller estuaries 
Objective 
 

To extend the range of bathymetric data coverage to a larger sample of 
estuaries, including smaller systems, many of which currently have no 
systematic survey coverage. 

Background and 
scientific context 
 

The need for improved bathymetric data is paramount and was recognised 
by ERP1 and by French & Townend (2001) as crucial for: 
• The assessment of future change. 
• More rigorous testing of existing models and an extension in their 

geographical application. 
Outline work 
programme 
 

Review of existing coverage (including check on quality and availability 
to researchers). 
Bathymetric surveys of sample of smaller estuaries, to be chosen on basis 
of user consultation and existing data availability. Work should be co-
ordinated with other national monitoring programmes and opportunities to 
incorporate surveys of individual estuaries into contracts for specific 
schemes should be explored. This would foster a more active ‘stakeholder 
involvement’ and enhance the context in which R&D is carried out. It 
might also offer better value for money.  

Outputs 
 

• Digital bathymetry for range of smaller and /or less commercially 
developed estuaries. 

• All data to become public domain and to be made available via the 
www to the wider research community. 

User benefits • The ability to perform existing analyses more accurately for a wider 
range of estuaries, including smaller systems with a concentration of 
flood defence assets at risk. 

• An extended baseline database for assessment of future change and to 
support next-generation modelling tools (as well as other initiatives 
such as the designation of Special Areas for Conservation (SACs) and 
the formulation of CHaMPS). 

Key linkages Required to support model development (enhanced hybrid morphological 
models; Project 3) and further processes research (FD1905). 
This project might also link with the new Integrated Coastal Zone 
Mapping Project (ICZMaP) which is concerned with the integration of 
terrestrial and marine geographic data held by the British Geological 
Survey, Ordnance Survey and United Kingdom Hydrographic Office 
across the coastal zone. 
This project must necessarily link with Project 2b (above). 

Procurement; 
indicative cost 

£250k 
Competitive tender 
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Title 3: Development of estuary morphological models 
Objective 
 

Refinement of estuary models evaluated under ERP1 and development of 
hybrid approaches capable of medium term (50 year) prediction of 
morphological (and associated ecological) changes under different 
intervention and climate change scenarios. 

Background and 
scientific context 
 

A key element of the ERP1 findings was the need to enhance existing 
estuary modelling capability and deliver immediate user benefits in terms 
of the ability to predict the medium term (50 year) response of estuaries to 
natural and planned changes. The suggested way forward involves the 
development of improved hybrid models which integrate top down 
understanding of whole system behaviour with more physically-based 
bottom up models. Further work is required to: improve the coupling of 
hydrodynamic and morphological models; develop better models for 
particular estuarine sub-systems (especially tidal flats and marshes) and 
link these to whole estuary models; investigate alternative threshold-based 
concepts of equilibrium; and improve the parameterisation of sediment 
properties (essential for the form-process coupling), including new uses of 
remotely sensed data (combinations of multispectral imagery and LIDAR 
altimetry). 

Outline work 
programme 
 

Development of improved hybrid (combined top down / bottom up) 
models, with particular reference to: 
• Refinement of existing morphological models 
• Development of new and improved models for estuary sub-systems 

(especially intertidal areas) and coupling of these to whole estuary 
models 

• Formalisation and incorporation of linkages between physical and 
biological processes 

Outputs 
 

• Model software and documentation. 
• Training and support programmes. 
 
All data/software to become public domain and to be made available via 
the www to the wider research community. 

User benefits • Enhanced medium term prediction of estuary behaviour based on 
fairly well-established methodologies. 

• Extraction of maximum value from present generation tools and from 
past R&D investment. 

Key linkages Informed by further processes research (FD1905-F1907). Needs to link 
with basic research into requirements for the next generation of models 
(Project 6). Needs also to link with ongoing work on Broad Scale 
Ecological Modelling (currently being scoped under DEFRA FD2108) 

Procurement; 
indicative cost 

£600k 
Duration: 3 years 
Competitive tender 
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Title 5a Interpretation and formalisation of geomorphological concepts and 
approaches. 

Objective 
 

• Interpretation of current geomorphological understanding and 
concepts related to the medium long to term behaviour of estuaries. 

• Formalisation of Historical Trend Analysis (HTA) and Expert 
Geomorphological Assessment (EGA) approaches. 

Background and 
scientific context 
 

The need for interpretation of complex scientific research into a form 
suitable for use by a wide range of end users has been highlighted in a 
recent paper by Townend (2002). ERP1 specifically recommended a 
critical review of existing geomorphological concepts underpinning top 
down models and the formalisation of geomorphological approaches, 
specifically EGA and HTA. The need here is twofold: First, an element of 
critical reassessment and review of existing scientific literature is 
required. Second, interpretation and demonstration is needed to facilitate 
wider uptake. 

Outline work 
programme 
 

• Critical synthesis and interpretation of geomorphological research 
literature relating to estuaries, with particular relevance to concept of 
equilibrium, threshold effects and complex response. 

• Development of formal guidelines for HTA and EGA, provided in 
conjunction with worked example using a case study estuary. 

• A series of courses to train decision-makers and advisors. 
Outputs 
 

• A guide to the geomorphological assessment of estuaries, including 
definitions of critical concepts, guidelines for the HTA and EGA 
approaches, and a worked case study example. 

• Training programme and materials. 
• All output to be in electronic form and available via www. 

User benefits • Interpretation of complex research in user-friendly form. 
• Guidelines on how to apply best available science to estuary 

management problems. 
• User training. 

Key linkages Parallels ERP1 Uptake Study 
Procurement; 
indicative cost 

£100k 
Duration: 12 months 
Competitive tender; best value might be offered by one or more 
universities. Should include a peer review element. 
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Title 5b Qualitative modelling of estuarine systems: extension of Futurecoast 

methodology to estuaries 
Objective 
 

• To provide a framework for estuary management and strategy plans 
which is consistent with that being developed for open coast SMPs. 

• To provide a conceptual framework within which estuary impact 
assessments can be carried out using existing approaches (including 
geomorphological assessment and interpretation of hybrid model 
results). 

Background and 
scientific context 
 

The EA-funded Futurecoast Project is complementing a wide-ranging 
review of the performance of 1st generation SMPs with a framework for 
formalising existing scientific understanding of coastal evolutionary 
behaviour in a way that will allow indicative prediction of future coastal 
dynamics to be incorporated within a 2nd generation of SMPs. The spatial 
extent of Futurecoast is restricted to open coastal areas and it would be 
beneficial to extend the same approach to estuaries. 

Outline work 
programme 
 

• Review of scientific literature and data for case study estuaries, 
chosen to link with ERP1/ERP2 R&D as well as with other regional 
initiatives (e.g. Thames Estuary Project). A sample of 3 to 5 
contrasting estuaries might be appropriate. 

• Production of Estuary Behaviour Statements. 
• Pilot study of formal qualitative modelling approach. 

Outputs 
 

• Estuary Behaviour Statements for demonstration estuaries, identifying 
main components of estuary system, their interactions and spatial and 
temporal controls on behaviour, and indicative trends. 

• Documentation and training courses / materials. 
User benefits • A robust conceptual framework for estuarine management / strategy 

plans. 
• An explicit link with 2nd generation SMPs to be developed for open 

coast as well as with CFMPs. 
• Formalisation of disparate scientific understanding concerning 

functioning and likely future behaviour of specific estuaries. 
Key linkages Incorporates Futurecoast approach into ERP and provides policy 

framework compatible with next-generation SMPs. 
Will feed into next-generation estuary integrated models and EMS 
envisaged for ERP3. 
Links with Broad Scale Ecological Modelling (currently being scoped 
under DEFRA FD2108) and introduces some commonality between 
physical and ecological modelling approaches. 

Procurement; 
indicative cost 

£175k 
Duration: 18 months 
Competitive tender 
Will need element of expert review, but does not need ‘proof of concept’ 
workshops since this already undertaken by Futurecoast 
Elements of estuary data review already undertaken. 
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Title 6. Understanding the limits of predictability of morphological systems 
Objective 
 

To investigate and improve the understanding of the inherent limitations 
of the long term predictability of estuarine and coastal morphological 
systems. 

Background and 
scientific context 
 

The full morphodynamic evolution equations are highly non-linear, and 
predictions made with models based on these equations have 
demonstrated sensitivity to uncertainties in initial and boundary 
conditions (Nicholson et al, 1997; EMPHASYS, 2001c). 

Outline work 
programme 
 

• Review of modelling methods adopted for ‘climate’ simulations in 
geophysical literature.  

• Analytical and numerical investigation of the ‘climate’ variability 
within morphodynamic evolution equations. This will start with a 
simplified (yet complex) morphological system to develop and test 
concepts, prior to more detailed study. 

Outputs 
 

• A report describing the methods and results of the research; their 
impact and consequences on current modelling strategies; and a set of 
recommendations for the incorporation of new methods into the 
current programme of R&D.  

• Associated modelling software. 
• All research results and software to become public domain and to be 

made available via the www to the wider research community. 
User benefits • Improved understanding of the uncertainty attaching to long term 

predictions of morphological evolution on coasts and in estuaries. 
• A numerical ‘test-bed’ for assessing the limits of predictability of 

future change and to support next-generation modelling tools. 
Key linkages Required to support model development (enhanced hybrid morphological 

models; Project 3) and further processes research (FD1905). 
Procurement; 
indicative cost 

£120k (based on 1 x Post-doctoral researcher and reasonable supporting 
resources) 
Duration: 2 years 
Competitive tender or S.A.T. with some peer review element. 
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Title 7. Maintenance and dissemination of existing guidelines: Saltmarsh 

Management Manual and Guidelines for Beneficial Use of Dredged 
Material 

Objective 
 

• To develop and maintain an effective linkage between ERP and 
established R&D programmes. 

• To ensure dissemination and uptake of existing R&D. 
Background and 
scientific context 
 

The Saltmarsh Management for Flood Defence R&D Programme was 
established by NRA in 1993. Since then, outputs from specific projects 
have been appended to an Management Manual. The Manual is still 
evolving but early sections are now becoming dated. Also, dissemination 
of the material in paper format is hindered by the bulk (currently 355 
pages). 
Guidelines for Beneficial Use of Dredged Material were produced in 1996 
with funding from DoE. A minor update is required to take account of 
more recent experience (much of it relevant to flood defence) and allow 
electronic dissemination. 
An update of both the Saltmarsh Manual and Beneficial Use of Dredged 
Material Guidelines would maintain the value of the work undertaken to 
date and electronic dissemination would enhance uptake. 

Outline work 
programme 
 

• Review of existing content; editing and updating in consultation with 
original contributors; incorporation of new sections (some of which 
are already commissioned); conversion to electronic form (including 
consideration of alternative ‘interactive document’ formats); 
establishment of www page (and links elsewhere). 

• Most of the work to be associated with the Saltmarsh Manual; only a 
fairly minor update required in respect of the Beneficial Use of 
Dredged Material Guidelines. 

Outputs 
 

• An updated Saltmarsh Management Manual, made available online in 
electronic format. 

• Updated Guidelines for the Beneficial Use of Dredged material, made 
available online in electronic format. 

User benefits • Preserves value of past R&D investment. 
• Disseminates R&D findings within user community (including both 

managers and researchers). 
• Eases future maintenance of Saltmarsh Management Manual. 

Key linkages Provides explicit linkage with important past and ongoing R&D that is 
highly relevant to the core objectives of the ERP. Work undertaken under 
this project should take account of, and link with, outputs from the 
EN/EA/DEFRA ‘Living With The Sea’ project (which will include good 
practice guidance for operating authorities and practitioners on coastal 
habitat restoration and re-recreation). 

Procurement & 
indicative cost 

£40k 
Duration: 6 months 
Competitive tender 
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Title 8. ERP2 Project Management and Delivery 
Objective • To co-ordinate activities between major ERP2 project teams and the 

EAG, with the aim of maintaining the coherence and focus of the 
overall programme. 

• To define and specify the components of an enhanced Estuary Impact 
Assessment System (EIAS) as the means by which results and tools 
arising from ERP2 R&D are delivered to users. 

• To scope out framework for next generation estuary modelling and 
management tools (modelling, monitoring and data management 
methodologies) and the elements of an integrated Estuary Management 
System (EMS). 

Background and 
scientific context 
 

In contrast to ERP1, which was undertaken by a single consortium, ERP2 
is comprised of a number of discrete projects. These must be co-ordinated 
and the focus of the programme maintained in relation to flood defence 
needs. Interim outputs need to be reported to the user community and 
final outputs need to be drawn together, interpreted further as necessary, 
and disseminated through documentation and training. Work is also 
needed to formalise the requirements for a Mark 2 EIAS and further 
scoping is required in respect of subsequent (ERP3) work towards the 
ultimate goal of an integrated EMS.  

Outline work 
programme 
 

• Annual meetings of ERP2 project team leaders/representatives in 
order to report progress and discuss interim results and ensure 
delivery of programme aims. Involvement should also include teams 
engaged on other R&D managed under Risk and Engineering themes. 
Production of annual ERP2 reports. Liaison with the EAG. 

• Formal definition of EIAS components and communication of these 
to project teams. 

• Demonstration study, in a similar format to those carried out by the 
ERP1 Uptake Study, in which enhanced EIAS is presented. This 
should include appropriate training modules. 

• Scoping of the R&D needed for the development of next generation 
EMS. 

Outputs 
 

• Annual ERP2 Programme Reports. 
• Formal specification for ‘packaging’ of EIAS suite of tools. 
• Training programme and associated materials for uptake of EIAS 

tools. 
• Formal specification for EMS. 
• Research plan for subsequent ERP R&D. 

User benefits • Maintenance of coherent programme through co-ordination of 
individual projects and liaison with EAG. 

• Effective continuing delivery, dissemination and uptake of ERP2 
R&D via Mark 2 EIAS. 

• Research plan and specification of EMS for future estuarine R&D. 
Key linkages Ensures coherence of ERP2 programme, through co-ordination of project 

teams, and delivery of major investment in hybrid model development, 
basic process understanding and future directions in modelling. 

Procurement & 
indicative cost 

£150k 
Duration: 3-4 years 
Competitive tender 
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4.4 Topics for Research Council/DEFRA/EA co-funding 
Basic research in several areas is recommended for formal co-funding, most likely by 
Research Councils, but potentially by other bodies (e.g. EU). This should build on the 
current discussions with EPSRC, NERC and other users. The logic here is that without 
some injection of DEFRA/EA money it will be difficult to influence the direction of 
academic research in a way that is beneficial to the needs of estuary users.  
 
This is a difficult area, given that there are few precedents for formal co-funding. 
Moreover, individual Research Councils differ in their approach to co-funding. For 
NERC, the CONNECT B scheme is a recommended way forward. This scheme is 
designed to initiate new interactions between the science base (universities, NERC 
Centres) and industry, business, commerce or public sector bodies. Applications are 
subject to external peer review prior to grading by the appropriate Peer Review 
Committee who take account of user involvement, novelty, cost effectiveness and 
need/urgency. A pre-requisite for Scheme B applications is a commitment from the 
collaborating body to fund at least 50% of project costs. In the case of EPSRC, no 
formal joint funding programmes are envisaged. However, more user-led responsive 
mode applications will hopefully result from establishment of the various EPSRC 
Networks (see Section 5). 
 
Project details will depend on identification of researchers and must be subject to the 
peer review processes. Indicative research areas (not in any order of priority) might 
include: 

 
i) Further work on the mathematical analysis of longer term prediction of estuary 

behaviour and its implications for flood defence (EPSRC). 
 

ii) Piloting of spatial landscape simulation approaches for estuarine modelling 
(NERC). 
 

iii) Formal testing of critical scientific concepts, such as equilibrium ideas, and the 
‘coastal squeeze’ hypothesis (NERC). 

 
These particular research areas are also included in Figure 4.1 to show their relation to 
more immediate R&D needs. It is emphasised that these areas are indicative only. 
DEFRA and the Research Councils should be responsive to other, more specific, 
proposals for co-funded research which arise over the duration of ERP2. 
 
 
 
4.5 Schedule and by-year budget 
Project schedules, interlinkages and deliverables are summarised in Table 4.2a, and an 
approximate yearly cost breakdown for the projects presented in Section 4.1 is given in 
Table 4.2b. 

Estuaries Research Programme Phase 2 Research Plan Page 39 
ERP2RPfinal25-7-2002.doc  



                                                           

 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Data 

 
 
 
 
 
 
 
 
 
 
 
Figure 
R&D to
other on
 

Estuaries 
ERP2RPfin
Fundamental
research 
For

            Processes      

    B5b

Engin

4.1 Placement of ERP2 p
 users. Project numbering
going / proposed projects 

Research Programme Phase 2 Res
al25-7-2002.doc 
Immediate 
R&D 
 

Policy 

Risk 

ecasting 

SM 

eering 

0

8

1

rojects within lo
 corresponds to t
referred to in Sec

earch Plan 
 

Interpretation 
& uptake 
5a
8  

 
 
 
 
 
 
 

user 
needs 
DEFRA / EA
NERC / EPSRC / EU
gical fra
hat of T
tion 4.1 
 
1

  6
7

4

3

 
 2
i
 ii
iii
FD241
W5B(01)02
 W5B(01)06
FD2002
FD190
FD191
i

mework for supply of 
able 4.1. Linkages with 
are also depicted. 

Page 40 



                                                           

Table 4.2 a) Schedule and linkages; b) yearly cost breakdown of ERP2 Projects. 
 

2001/2002 2002/2003 2003/2004 2004/2005 2005/2006
Project A

1        ERP1 uptake

2  New ERP2 data

3 Hybrid models

4  Processes

5a Geomorphological models

5b Qualitative models

6 Limits to prediction

7 Maintenance of R&D

8 ERP2 delivery &
ERP3 plan

Core

co-funded projects  Basic enabling science
Co-funding

 
2001/2002 2002/2003 2003/2004 2004/2005 2005/2006

Project B
1 40 60
2 225 225
3 50 200 200 150
4 270 260 220

5a 50 50
5b 100 75

6 60 60
7 40
8 30 30 30 60

Sub-total
Core 310 715 885 365 210 2485

depends on submission of proposals
Co-funding 0 0 100 100 50 250

ERP2 total 2735
  
      denotes delivered product (model, documentation, guideline etc)
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5    TOWARDS A PROGRAMME OF FUNDAMENTAL RESEARCH  
 
 
5.1 Broader funding context 
Many of the basic research needs identified by ERP1 lie in areas traditionally supported 
by UK Research Councils (principally NERC and EPSRC) and other funders such as 
the EU. Whilst this is likely to continue, it is important that these bodies are informed of 
the nature and scope of DEFRA/EA R&D, such that timely and user-led proposals are 
viewed favourably by peer review committees. It is also important to secure continued 
support for estuarine science within the plethora of cross-disciplinary thematic projects, 
networks and initiatives. Possibilities in relation to major funders are reviewed below. 
 
EPSRC 
The remit of the EPSRC is to support basic, strategic and applied research in 
engineering and physical sciences. There are currently no estuary-related thematic 
programmes, although in recent years a number of significant projects have been funded 
under the general heading of Coastal and Waterway Engineering Programme. The 
current EPSRC mission statement acknowledges, inter alia, the need to improve cross-
disciplinary research and collaboration between engineering and the environmental and 
social sciences and to develop the peer review procedures necessary to support research 
of this kind. Of particular interest are the following recently established networks: 
 
• Coastal Zone Network (COZONE) 
• Conveyance in River/Floodplain Systems 
• Morphology and Sediment Dynamics of River Floodplain Systems 
• FloodRiskNet 
 
These have been established, in part, to promote more effective dissemination of results 
and best practice to users (including consultants, DEFRA and EA). They are not 
associated with additional tied funding but, rather, aim to promote better and more 
relevant science by facilitating communication between the research and user 
communities. The COZONE network is most explicitly focused on estuarine research 
issues, primarily through its Coastal Waters sub-Network. A number of the basic 
research needs identified under ERP1 are the subject of outline research proposals being 
developed (within a fluvial context) within the Conveyance (e.g. alternative roughness 
parameterisation; turbulence modelling; and improved representation of vegetation 
effects) and Floodplain Morphology (e.g. morphological analysis and prediction) 
networks. FloodRiskNet aims to foster collaborative research on statistical, risk, 
reliability, uncertainty and decision-making techniques of the kind highlighted in 
Section 3.4. These networks should be seen as valuable links between the academic 
research community and the more user-focused DEFRA/EA R&D programme. 
 
NERC 
NERC aims to promote high quality basic, strategic and applied research in the 
environmental and earth sciences. Much recent NERC-supported estuarine research has 
been carried out within major thematic programmes. Most notable of these are the Land 
Ocean Interaction Study (LOIS; 1992-1998) and the Coastal and Estuarine Evolution 
and Estuarine Contamination Projects (currently being undertaken as British Geological 
Survey core projects). Plymouth Marine Laboratory currently has a core science 
programme, EMPRESS (Ecosystem Processes from Estuary to Shelf) within which is 
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nested a study of Estuarine and Coastal Function and Health (ECFH). This is 
specifically concerned with the quantification, understanding and modelling of the key 
processes involving physical-chemical-biological interactions and their consequences 
for estuarine form and function. A rather small amount of estuarine research is currently 
supported through NERC studentships and responsive mode grants. 
 
NERC does not support thematic networks of the kind established by EPSRC. Improved 
communication of wider user needs and DEFRA/EA R&D activity, particularly to the 
Marine Science peer review committee, is a priority. There is also potential for greater 
use of established mechanisms for industrial co-funding, notably the CONNECT B 
scheme. This has been under-utilised for estuarine and coastal research. 
 
Relevant cross-disciplinary initiatives do exist. A joint NERC/EPSRC programme in 
Environmental Mathematics and Statistics (£2.8M over 3 years) is aimed at bringing 
mathematical rigour, statistical reasoning and advanced tools to bear on problems in the 
environmental sciences. A substantial 3 year programme of e-science (in conjunction 
with EPSRC) is intended to develop and harness core technologies for distributed global 
collaborations enabled by the internet, using very large data collections, terrascale 
computing resources and high performance visualisation. Such technological changes 
are likely to underpin a paradigm shift in information technology as far-reaching as that 
which accompanied the adoption of the World Wide Web. Both of these initiatives may 
aid development of next-generation models of the kind envisaged for ERP3. 
 
European Union 
The EU has become a major funder of coastal and estuarine research. Major projects 
with a UK involvement funded under the Framework IV programme included 
INTRAMUD (morphological behaviour of intertidal mudflats); COSINUS (prediction 
of Cohesive Sediment transport and bed morphodynamics in estuaries and coastal zones 
with Integrated Numerical Simulation models); ISLED (impact of rising sea level on 
ecosystem dynamics of saltmarshes); and ECOFLAT (investigation of the role of 
intertidal flats in the ecology of estuaries, and of methods of upscaling from local 
process understanding to predictions relevant for management at the estuarine scale). 
Further funding of estuarine research is expected under Frameworks V (ongoing) and 
VI (scheduled to commence 2004). 
 
Other UK funded estuarine research 
It is anticipated that valuable estuarine research will continue to be funded by other 
bodies, including charitable trusts, conservation organisations and industry. This is 
particularly relevant to specific activities such as dredging (e.g. Harwich Haven 
Authority funded work on beneficial use of dredge material) and habitat management 
(e.g. English Nature funded work on saltmarsh loss and habitat creation). 
 
A significant development is the establishment in 2000 of the Tyndall Centre, a national 
centre for trans-disciplinary research on climate change. It is dedicated to advancing the 
science of integration, to seeking, evaluating and facilitating sustainable solutions to 
climate change and to motivating society through informed and effective dialogue. The 
Centre is the result of a unique collaboration between nine UK research institutions, 
three of the UK Research Councils (NERC, EPSRC and ESRC) and the DTI. 
Collaborative linkages already exist with EA and DEFRA. Four key climate-related 
themes are supported, one of which concerns the sustainability of the coastal zone. 
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5.2 Fundamental research priorities  
A number of priority areas of estuarine research are appropriately accommodated within 
the areas indicated above. It should be noted that there is some overlap with the core 
R&D projects and areas for co-funding proposed in Section 4.1. The main needs are: 
 
Methodologies and technologies to support broad scale estuary modelling. 
1 Further basic research into methods / implications of ensemble modelling and the 

introduction of stochastic physics into estuarine morphodynamic models.  
2 Development and application of statistical methods to identify non-stationarity (e.g. 

cycles and trends, seasonal and annual variability). 
3 Development of simplified models to investigate the nature of long term 

morphodynamic change, including evidence for chaotic behaviour. 
4 Top down approaches to address the ‘global equilibrium’ of linked systems. 
5 Research into potential applications of inverse modelling. 
6 Evaluation of cell-based spatial landscape simulation techniques in the context of 

developments in grid computing and bases for future very-large scale modelling 
building upon e-science and environmental science mathematics initiatives). 

7 Further development of qualitative modelling approaches for estuarine systems 
(including formal matrix calculus analysis of estuary system structure). 

 
Underpinning basic processes research in support of next-generation models 
8 Estuarine waves, wave-current interaction and associated stress fields. 
9 Interdisciplinary geomorphological/biological research into estuary sub-systems 

(e.g. tidal flats and saltmarshes) with a view to scaling up process understanding to 
medium/long term morphodynamics and coupling this to whole estuary models. 

10 Further investigation of the mineralogical controls on sediment behaviour. 
11 Improved parameterisation of intertidal sediments, including age-structure, and 

physical, geochemical and biological processes controls on erosion / deposition. 
12 Further development of sediment flux instrumentation. 
13 Development of new sediment fingerprinting approaches. 
 
The socio-economic dimension 
14 New integrated socio-economic modelling methodologies (including spatial 

landscape simulation approaches identified under item 6. 
15 Techniques for determining and evaluating estuary ‘user preferences’. 
16 Improved environmental valuation techniques. 
 
There are many agendas and it is not realistic to expect DEFRA/EA to shape all of 
them. However, a more focused national research effort could result from proactive 
involvement with the appropriate research partnerships. The EPSRC networks will be 
important frameworks for the delivery of relevant research and for ensuring the 
participation of the widest cross-section of the scientific community. Such initiatives 
should foster a mutually beneficial exchange of information and ideas, such that 
academic researchers receive the support they need (e.g. in terms of access to data and 
models). Effective dissemination of DEFRA/EA research needs is necessary to in order 
that timely proposals may be generated and favourably reviewed within the broader 
funding context of research councils and other bodies. Matching funds to support timely 
basic research (e.g. via the NERC CONNECT scheme) will also help the academic 
community deliver the science needed to meet evolving user needs. 
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Appendix A: 
 
Summary of user concerns highlighted by the consultation undertaken 
during the preparation of this report 
 
Perceived needs and specific concerns raised by consultees are organised under a series 
of headings. Some individual responses have been amalgamated to reduce duplication, 
although the original wording has been retained as far as possible, with minimal editing 
to ensure consistency of style. Consultation was conducted via telephone and email with 
selected representatives from organisations (including DEFRA, EA and English 
Nature), consultants, and researchers (including leading research institutes and 
universities). In all, this listing is based on the more detailed comments supplied by 20 
of the 50 or so consultees. 
 
 
Estuary management issues and needs 
• Managers of real estuaries with real problems need useful results ASAP. Adequate results in 

(say) three years are just as useful as more sophisticated/accurate results in (say) 10 years 
time. End-users must be given guidance on which direction to proceed with management 
intervention, even if precise impacts cannot (yet) be predicted. 

 
• Managers must understand natural changes in estuaries, and must be able to predict effects 

of management changes (e.g. dredging, change in sediment flux as a result of bank/coast 
protection, etc.). 

 
• Unrealistic to expect exact prediction of effects of management schemes. We need to define 

“what we are trying to achieve” for whole estuary, and then to demonstrate that a scheme 
doesn’t contravene those objectives. 

 
• Strategic planning for flood defence and habitats are main requirements. We must be able to 

develop sustainable solutions for flood defence alignments. 
 
• We must not lose sight of the management needs for smaller estuaries. 
 
• There is a need for methods for looking at the interactions between different aspects of the 

estuary system, and at effects in critical areas. 
 
• Need to recognise the restrictive effects of some strategic plans (e.g. CHaMPS) which 

preclude large-scale re-modelling of estuary shape. 
 
• Estuary management needs tools to test different scenarios – both hydrodynamic and socio-

economic. 
 
• ‘Natural’ estuaries will respond to whatever inputs/constraints are imposed. Society has its 

own preference for the way the estuary should respond. For instance, society may demand 
more saltmarshes. Hence the need for management even for natural estuaries. 

 
• How will society’s objectives / constraints evolve? We need to be able to predict effects of 

various scenarios. 
 
• We must not underestimate the difficulties of different user groups working together to 

achieve an agreed management strategy. 
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Dissemination 
• At least one of the consultees had not seen the outputs of ERP1, demonstrating the 

difficulties of dissemination and uptake. 
 
• Need for information dissemination - especially for ‘lay’ decision makers/managers (e.g. 

Agency FD staff, Local Government officers, planners). 
 
Training/interpretation 
• A basic Guide is needed for Estuary Managers – who often don’t appreciate the very 

complex processes in estuaries. 
 
• Most EA studies for estuaries are contracted out. There is a need for education and training 

to develop ‘intelligent clients’. Guidance is needed on  
• monitoring procedures 
• what is scientifically achievable 
• the strengths/weaknesses and capabilities of different modelling approaches 
• funding arrangements 

 
• Education is required, particularly of end-users, to explain that there is no single outcome to 

estuary development, and therefore there needs to be flexibility to adapt. 
 
• However good the models and management tools become, there will always be the need for 

expert interpretation and professional judgement. These inputs will not (in the foreseeable 
future) be replaced by a software-based Estuary Management System. 

 
• The lack of critical mass and sub-communities amongst widely scattered UK experts is a 

problem, not least for education and training. 
 
Data 
• The overwhelming difficulty in understanding UK estuaries is the shortage (in terms of 

quality, duration and parameter scope) of both long-term monitoring and intensive (‘test 
bed’) observations. There is a serious lack of data/background information for most 
estuaries. 

 
• Long term monitoring programmes are needed, necessarily driven by various EU 

Directives. 
 
• For smaller estuaries, lack of basic data is a real problem. Data for a wider sample of small 

estuaries (bathymetry, waves, currents) would at least allow some top-down analysis of 
these estuaries. 

 
• There is a need for a common standard/database for estuary information. 
 
• Improved models will need extensive data for calibration and/or validation. 
 
• Background research must also include detailed field measurements, including routine 

monitoring of short-term processes and morphology which will eventually build up into a 
long-term data set. 

 
• Detailed predictions usually need much more data than presently available, even in well-

researched estuaries (such as the Humber). Better data on temporal and spatial variation of 
sediment properties are a priority. 
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• Some schemes in estuaries are approved “subject to adequate monitoring”. Need much more 
guidance on monitoring schemes, and especially on how to interpret the data. Difficulties of 
distinguishing between natural changes and artificial effects. In essence, need appropriate 
tools for the purpose. 

 
Provision of understanding and the science base for management decision-making 
• Worrying gap between end-users and researchers. Main stumbling block – science is not 

there to deliver what end-users want. 
 
• Research is needed to look at the impacts of schemes/climate change etc, within the estuary; 

at the estuary mouth and; outside the estuary. 
 
• More needs to be done on understanding saltmarsh changes, including underlying 

mechanisms, and prediction of future evolution. 
 
• In medium term (3-5 years), research should focus on known science, and development of 

associated application tools. 
 
• In longer term (10 years), should develop new science and, for example, non-linear models. 

Non-linear methods should be funded by NERC. 
 
• In relation to Research Council (and specifically NERC) support for estuarine science, 

interdisciplinarity should be added as a desirable attribute for applications. It is important 
the difficulties of evaluating truly interdisciplinary projects are recognised in the 
composition of [Research Council] Peer Review Committees. NERC review structures are 
strongly discipline based and can result in proposals to undertake shallow marine / intertidal 
research being assessed by deepwater oceanographers, hard rock geologists or terrestrial 
ecologists. 

 
Modelling tools 
• Models must be applicable, transparent, user friendly, credible, and cover multiple scales. 
 
• Alternative ‘modelling’ approaches – need to consider probabilistic methods, and also 

methods based on historical analysis. However, models must be predictive, and (especially) 
must allow for the evaluation of the effects of engineering works. 

 
• Foundation for top-down approach is weak. Lack of agreement among scientists points to 

need for further research to provide scientific basis. 
 
• There is a need for improved ‘top-down’ approaches which take account of real parameters. 

For example, English Nature Managed Realignment Guide recommends the Kestner/Inglis 
regime approach, which takes no account of velocity distributions, bed sediment shear 
strengths etc. Also there are often not even sufficient data to define the tidal prism 
accurately. 

 
• Goal-seeking methods (top-down) should form the framework of process models. 
 
• The battle for public domain models is close to being won, but there remains the problem of 

finding suitably qualified people who have sufficient understanding of these to develop 
innovative software. 

 
• We need to use ‘real’ projects to test model predictions, to improve existing models. 
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PART B – TERMS OF REFERENCE 
 

Background 
The justification and requirements for future research in estuaries were set out in Estuaries: The 
case for research into morphology and processes (HR Wallingford, 1997).  The study was based 
on an extensive review of existing capability and a wide-ranging consultation with users on their 
requirements.   The scoping study recommended a three-phase project, lasting between 9 and 12 
years, with the aim of developing an integrated suite of estuary management tools.  The Phase 1 
of the ERP commenced in 1999 and was completed in December 2000.   
 
A key component of the original scoping study was an extensive evaluation of user 
requirements.  This explored the perceived needs of a wide range of users, managers, and 
researchers as a basis for developing the research programme that was proposed.  Phase 1 of this 
research programme sought to clarify these needs further and to this end a workshop was held in 
October 1999, at which a cross-section of researchers and some end-users sought to give greater 
focus to the research needs.  The Estuary Advisory Group (EAG) provided a further sounding 
board for the project team to clarify research objectives.  The distillation of these various inputs 
is set out in the section on user requirements contained in the final report on research 
recommendations.   
 
One of the outputs from ERP1 was a report setting out recommendations for Phase 2 
(EMPHASYS Consortium, 2000b). This listed some 35 individual projects. It is beyond the 
budget of DEFRA/EA research programme to fund all these, and no prioritisation was given. 
Furthermore the projects were not set within any logical framework, which would show the 
relationship between the “front line” themes of BSM and Engineering, serving users concerned 
with long term estuarial planning and solutions respectively, and the underlying processes 
research need to support their work. Neither were links with Risk and Policy themes research 
shown. The new DEFRA/EA joint research programme is firmly user-focused and it is essential 
that all projects are justified within such a framework and in terms of value for public money. It 
should be noted that the use of such frameworks is common in government. 
 
In addition there is a need for the ERP2 Planning Study to check for gaps in the ERP2 research 
list as defined by the EMPHASYS consortium.  The list of recommendations in their report is 
deficient in management interventions as there is a complete absence of Engineering theme 
projects, and there are known estuary management items (the major NRA / EA flagship 
saltmarsh management R&D project for example) that have been overlooked. 
 
The EAG recognised many of these problems in a paper dated March 2001 and recommended a 
way ahead for Phase 2 of the ERP under four headings: 
 
1. Dissemination of ERP Phase 1 outputs 
This is being carried forward under project FD2110, the ERP Phase 1 Uptake Project 
 
2. Progress of research needs identified in Phase 1 
The paper noted that insufficient funding will be available to carry out all the work identified in 
Phase 1 at once. 
  
3. Wider Research Needs 
It was recognised that to achieve the long-term goal of developing an estuary management 
system (EMS) there must be research into areas other than morphology. Other areas of work, 
which required further definition included socio-economics, water quality aspects and ecology. 
In the short term the assessment of socio-economic impacts of flooding on a broad scale is being 
progressed under the CFMP Modelling and Decision Support Framework (MDSF) project. A 
requirement of the ToR for this contract is that the system should be extendable to flooding of 
estuarial and coastal origin. Broad scale modelling of eco-systems is the subject of the scoping 

   



                                                           

study, FD2108, which is about to be let, and a further research on socio-economic modelling, 
FD 2111, is being developed. 
 
4. Management of Phase 2. 
At the Theme Leaders’ meeting on 16 October 2001 it was agreed to commission an ERP2 
Planning Study to remedy these problems and produce a coherent, well justified  and cost-
effective programme of research, spanning across the DEFRA/EA research themes, taking as its 
starting point the ERP1 research recommendations and preserving the vision of an integrated set 
of tools for holistic estuary management. 
 
 
Objectives 
The objectives of the project are: 
 

1. To ensure that the combined DEFRA/EA R&D programme for estuaries research 
presents a coherent approach to users and researchers. This should include co-ordinating 
the Planning Study with the ERP1 Uptake Project 

2. To preserve the concept of the development of an integrated Estuary Management 
System which lay behind the ERP. 

3. To address funding limitations by prioritising the projects listed in the ERP1 research 
recommendations. 

4. To ensure that all research projects carried forward are truly responsive to user needs 
and provide good value for public money. 

5. To investigate whether there are alternative approaches to the  mathematical/ 
geomorphological hybrid modelling approach recommended by ERP Phase 1. 

6. To check for gaps in the ERP2 research list as defined by the EMPHASYS consortium.   
7. To produce a well justified “shopping list” of longer term projects to present to NERC 

and EPSRC. 
8. To clarify the objectives, key customer purpose and descriptions of all research projects. 
9. To present the projects within a logical framework of user needs, “front line” research 

by the themes of BSM and Engineering, serving users concerned with long term 
estuarial planning and solutions respectively, and the underlying Processes research 
need to support their work.  

10. To also place non-FCD research items within the logical framework and overall 
Planning Study, though not providing detailed descriptions of  these. 

 
 
Tasks 
1. Initial "listening mode" consultation with Theme Leaders and the EAG. In addition key EA 

estuarial practitioners who may be outside the EAG should be consulted (there are different 
shades of opinion about the ERP and the team need to be aware of these), Agency and 
DEFRA staff, selected members of EMPHASYS consortium and researchers. A series of 
small meetings with team members going to the consultees may be better to avoid yet 
another workshop. The team should interface with, and develop information for, the 
EMPHASYS Stage 1 Uptake Project so that the latter project actually explains the steps 
taken EMPHASYS within the user context that we are now seeking to put into place 
through the Planning Study. 

2. Carry out an exploratory literature review and discussions and consider whether there are 
other potentially viable approaches to long term BSM estuarial morphology modelling as 
well as the hybrid bottom-up/geomorphological approach recommended by ERP1. If 
appropriate include research on these in the draft Planning Study. 

3. Check for gaps in the ERP2 research list as defined by the EMPHASYS consortium.  This 
relates particularly  to management interventions as there is a complete absence of 
Engineering theme projects, and there are known estuary management items (the major 

   



                                                           

NRA / EA flagship saltmarsh management R&D project for example) that have been 
overlooked. 

4. Review all research projects proposed by ERP1 to ensure that they are responsive to user 
needs and provide good value for public money, by among other things identifying clearly 
their objectives and key customer purposes. 

5. Produce a draft ERP2 Planning Study, with user needs, a short recapitulation of SET 
findings of ERP1 (to make it a rounded stand alone document), programme, and budgets 
year by year. As noted in the Objectives the plan should be presented within a logical 
framework of user needs, “front line” research by the themes of BSM and Engineering, 
serving users concerned with long term estuarial planning and solutions respectively, and 
the underlying Processes research need to support their work. Risk and Policy themes 
research should also be integrated into the logical framework.   

6. Produce clear descriptions of all recommended research projects on the  DEFRA/EA 
Shortform template, suitable as the specification for tender documents and include in the 
draft Planning Study. 

7. Circulate the draft Planning Study and consult with the above. This could include setting up 
a project website. A presentation to the EAG should be allowed for. 

8. Finalise, print and disseminate the Planning Study. This should include a small coloured fly 
sheet to publicise the research programme. 

 
Deliverables  
The principal outputs will be the draft and final Planning Studies.  
 
In addition, the team should produce an article for the "Flood & Coastal Defence" Research and 
Development newsletter, and a paper for presentation at the DEFRA Conference of River and 
Coastal Engineers. 

 
Fifteen copies of the reports should be allowed for, plus an electronic version. The style and 
template will be supplied by the Project Manager. 
 
Milestones 
Milestones should be as included in the CSG7 and agreed. 
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