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Introduction

This report details the scoping study for future research and development to support Broad Scale Ecosystem Impact Modelling (BSEIM).  The report was commissioned by the DEFRA & Environment Agency Flood and Coastal Defence R&D programme and undertaken by a consortium led by Cascade Consulting.  The objective of the study is “to provide an overview of the topic of BSEIM and define an appropriate and cost-effective research programme”.

Policy and Regulatory Drivers

There are a number of policy and regulatory drivers that have stimulated this research, linked to the requirement to better understand the impacts of policies and subsequent measures on the environment and thereby to protect and enhance supported ecosystems.  The main drivers include the Strategy for Flood and Coastal Defence in England and Wales (MAFF, 1999) and initiatives to plan flood and coastal management more sustainably, recognised through fluvial Catchment Flood Management Plans (CFMP) and estuarine/coastal Shoreline Management Plans (SMP).  A wide range of other planning processes also interact, most notably the Water Framework and Habitats regulations, and the Planning Authorities development planning process.

User Focus

DEFRA and the Environment Agency recognise the need to consider and cater for the needs of a wide range of users within the flood management process, ranging from governmental policy makers to the public as stakeholders.  The study has therefore sought to develop an R&D programme that will allow production and dissemination of information at a number of levels appropriate for the intended end use.  A workshop was convened to establish the technical user requirements and a number of case studies were used to identify existing operational methodologies and gaps that may need to be filled.  

The outcome of the consultation was a clear call for a more integrated approach to BSEIM.  A range of tools are required that can simulate ecosystem impacts at varying spatial and temporal resolutions, for both freshwater and estuarine/coastal systems.  Users have also specified the development of a decision support system to help with collation and assessment of ecosystem data, and interpretation of modelling outputs.

Scientific Background

Successful simulation of broad scale ecosystem impacts will require modelling tools that can predict the changes in hydraulic, hydrodynamic, geomorphological and ecological systems and the interactions and feedback loops between each.  However, it is acknowledged that at present the tools to undertake such simulations are far from perfect.  The simulation of geomorphological change and dynamic ecological consequence require significant levels of investigation and testing, for both freshwater and estuarine/coastal systems.

Modelling of geomorphological function has started to develop in the past few years and there are now a number of riverine and estuarine/coastal models that can predict with some confidence the longer term changes in channel, estuary and coastal morphology.  Simulation of geomorphological change specifically to input into ecosystem assessment is less well understood.  Linking changes in geomorphology to ecosystem effects is still in its infancy and requires a long term research commitment.

A number of modelling approaches have been developed to simulate specific ecosystem impacts from a variety of activities, including proprietary models such as MIKE11, ISIS and PHABSIM, and a number of empirical models of predator/prey interactions.  It is generally acknowledged that none of the models so far developed can adequately simulate ecosystem impacts at the broad scale required for policy appraisal.   The report identifies a wide range of potential modelling approaches that could be adapted to improve ecosystem impact assessment, many of which could usefully be incorporated into raster based GIS compatible frameworks – these include for example cellular automata, individual based models and metapopulation models.  Key to future modelling tool development will be the ability to adapt to a range of scales and input variables, which can be accommodated within a GIS platform.  An example is given in the main text of a rudimentary ecosystem impact modelling approach that could form the basis of the long term research effort, based on a catchment based GIS platform, incorporating land use as a major influencing factor, hydraulic and geomorphological interactions, and (at present) simple simulation of the main ecosystem components.  Over time each element could be integrated and through iteration of the framework, using specific case study catchment/coastal areas, be developed to provide a modelling system that can simulate relative changes in ecosystem function resulting from changes in specific activities and measures.

The modelling tools developed will be subject to errors associated with sampling, assumptions used, error amplification within and between models, errors in the assumed basis for links between models, stochastic errors and so on.  There is a risk that the outputs from some of the R&D will not be very effective in supporting decision-making. It is important to note this possibility at the outset and put in place measures to minimise the amplification of errors through the modelling process.  It is recommended that such risks are controlled by establishing a steering group that has suitable expertise and accepted responsibility to assess the risks associated with individual projects.  The risk assessment and analysis of each project should be a standing item on the proposed project steering group bi-annual meetings.

Data are recognised as having a major constraining influence on future modelling success.  Without a fundamental understanding of the baseline ecosystems being simulated, and equally the potential dynamic changes in that ecosystem in response to new influences (either natural or man induced), it will not be possible to predict with any certainty the outcome of specific policies or measures.  A more co-ordinated ecosystem monitoring and data collation system is required for flood management purposes, together with a better understanding of ecosystem interactions.  Equally the response of ecosystems to specific flood management measures and influences will need to be better understood.

Successful ecological impact models will continue to make uncertain predictions.  To assure the delivery of benefits, users will still need to undertake adaptive management that defines the correct complexity of modelling tools for a given task and allows continued improvement of the models that reduces future uncertainties. Given the current reluctance to undertake post-project appraisal, the future opportunity to promote adaptive management and on-going improvement should not be lost, and is highly recommended by this research.

Future R&D Programme

The future modelling strategy should be based on four key elements:  the strategy will have to be flexible (in both scale and sub-model interaction), be user friendly, operate at the lowest level of possible complexity and be capable of visualisation.  To achieve this end point, a number of R&D outputs are required that improve our understanding of the following:

Ecosystem Model Input Data

· Hydrological, hydrodynamic and geomorphological modelling and data inputs

· Catchment/coastal cell ecosystem baseline descriptions

· Processes contributing to the dynamic evolution of floodplain and estuarine/coastal ecosystems

Ecosystem Modelling Tools

· Quantitative modelling approach for river catchments

· Quantitative modelling approach for estuarine and coastal cells

· Decision support tools to aid users adopt models and interpret outputs 

The BSEIM R&D programme will be divided into short, medium and long term elements.  Seven projects are recommended, the first of which (BSEIM toolbox) should focus on compilation of existing information and methodologies suitable for immediate application in support of CFMP and SMP ecosystem assessments.

	Project
	Description

	Short term – within 2 years

	BSEIM 1
	BSEIM toolbox – phase 1.

	BSEIM 2
	Hydrological, hydrodynamic and geomorphological model development.

	BSEIM 3
	Development of ecosystem impact modelling approach – Phase 1.

	Medium term – 2 to 5 years
	

	BSEIM 4
	Updating BSEIM toolbox – phase 2.

	BSEIM 5
	Ecosystem impact model development – field trials and model integration.

	Long term  - 5 to 10 years

	BSEIM 6
	Mid-term review of progress.

	BSEIM 7
	Further ecosystem impact model development.


Budgets have been identified for each of the BSEIM studies.  The budgets are acknowledged to be relatively modest for such a fundamentally challenging R&D programme.  However, the view has been taken that since only a limited budget will be made available, the modelling programme will be focused to achieve the greatest benefit by pragmatic delineation between research aspiration and operational necessity.  The modelling tools will be necessarily “fit for purpose” rather than “all singing and dancing”.

The short term programme has a recommended budget of £490,000 and should produce BSEIM guidance and a first phase of ecosystem impact modelling tools.  The medium term programme has a budget of £565,000 and will build on the initial modelling programme to arrive at a GIS based modelling framework that is capable of simulating the relative impacts of flood management measures.  The long term programme should be re-assessed after the first two year programme and re-focused as necessary.  It is likely that many gaps will remain after the medium term programme in our understanding of the interactions between hydrology, geomorphology and ecology.  Continuation of, and further specification of, field-based research is likely and a budget should be allocated to allow these research benefits to be realised, increasing our confidence in the BSEIM models.  A budget of £1,150,000 is recommended for the 5 to 10 year programme.  

Given the very considerable task of developing BSEIM modelling tools that can simulate ecosystem change with confidence, the budgets identified are likely to require supplementing from other sources.  A number of co-funding opportunities are identified, most notably through the Estuary Research Programme and other complimentary R&D programmes, including for example the Water Framework and Habitats Directives research initiatives.  
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