FD 2107 Development of Estuary Morphological Models
1 SUMMARY

Objective

The primary objective is the development of models capable of indicating likely estuarine morphologies 50 years hence, thereby providing estimates of the associated changes in flood risks under various management and Climate Change scenarios. This involves development of: (i) a Framework for application of “bottom-up” (B-U) models in relation to morphological changes, (ii)  new HYBRID models via integration of B-U and “top-down” (T-D) models, (iii) characterisation of likely changes in estuarine morphology by 2050 and (iv) estimates of impacts of (iii) on potential for flooding.
Background
Whilst B-U numerical models can accurately reproduce water levels and currents in estuaries, simulation of sediment transports is more problematic. Moreover, errors in the associated evolving morphology accumulate, so the validity of longer-term (decadal) simulations is uncertain. Net sedimentation depends on subtle and complex interactions, e.g. (i) intra-tidal between surficial sediments and bed roughness (ii) spring-neap variation in salinity intrusion (iii) seasonal sediment supply and river flow (iv) episodic events and (v) underlying bed structure.  To address this problem, we seek integration of B-U models with T-D models to develop HYBRID models and combine the advantages of both approaches.
Approach

Here we seek to improve confidence through results from a variety of UK estuaries, with existing and new B-U, T-D and HYBRID models, in an ensemble approach with attendant sensitivity analysis - including observed morphological changes over the Holocene.  Modelling tools developed herein should be open-code.
Deliverables
The primary deliverable will be a quantitative appreciation of the capabilities for predicting the evolution of morphology in UK estuaries based on bottom-up, top-down and hybrid models. This appreciation will include effects of generalised sources of uncertainty and the specific sensitivities of selected estuaries to possible global climate change (GCC) and interventions. The project will provide inputs to concurrent projects, namely the production of Estuarine Simulators (FD2117) and Ecological Modelling  (FD2108), whilst extending dissemination activities initiated in FD2110. Subsequently, the project will provide the basis for the sedimentary and dynamical module of an Estuaries Management System (EMS) to be delivered in Phase 3 of the Estuaries Research Programme.
2  BACKGROUND
(a) Estuaries Research Programme
Phase 1 (1998-2000; HRW, 1997) of the Estuaries Research Programme (ERP) included a critical analysis of these limitations of B-U models alongside a review of T-D models.  The latter are generally either (i) geomorphologically-based, derived from statistical analyses of observed long-term morphological evolution or (ii) 'rule-based' derived from some whole-estuary regime concept such as volume, energetics, entropy etc.  Recognising the necessity of exploiting both approaches, a priority in Phase 2 of the ERP is the development of HYBRID models which seek to combine elements from both the B-U and T-D approaches.  French et al (2002; FD2115) provided an updated vision of PHASE 2 involving eight core projects: (i) uptake of Phase 1, (ii) improved data, (iii) enhanced hybrid models, (iv) process studies (ESTPROC), (v) enhanced T-D models, (vi) morphological systems, (vii) dissemination and (viii) management.  This project FD2107 addresses (iii) directly with the objective of  developing hybrid (50y) mophological prediction models (integrating T-D and B-U approaches) and using these to assess impacts of intervention and of Global Climate Change (GCC) on flood forecasting and associated defences and habitats.  It links with (ii), (iv), (v) and encompasses

· Coupling of hydrodynamic and morphological models;

· Better representation of estuarine sub-systems (including inter-tidal);

· Alternative concepts of equilibria;

· Improved parameterisation of sediments and

· New uses of LIDAR and CASI.
(b) Other programmes
The project will exploit POL in-house developments in the NERC sponsored 'Coastal Observatory' (embracing the Dee, Mersey and Ribble estuaries) and the long-term development of shelf-sea and coastal operational modelling carried out with UKMO (with ongoing extension to ecology), on-going funding from the coastal component of the Tyndall programme and anticipated involvement in FREE (Flood Risk from Extreme Events).
(c) Present objectives

To develop models capable of indicating 50-year changes in  morphology, we examine (1) methodologies for applying  B-U models, (2) development of T-D models (in conjunction with FD2116) and their integration in B-U models to produce new HYBRID models, and (3) the influences of GCC and interventions on flood forecasting, defences and habitats.  Scientific advances will include enhanced medium-term predictions of estuarine behaviour, based on development of established methodologies inter-related to new innovative approaches.  Models’ performance will be evaluated rigorously and systematically in applications to eight estuaries (table 1).  Related uncertainties in underlying processes will be quantified.  These developments will provide the morphological basis for more comprehensive development of the EMS in ERP Phase 3.
3  WORK PROGRAMME
WP1.  A framework for application of B-U models in estuaries subject to morphological changes
months 4-33








 (POL, HRW)
Given specified bathymetry and surficial sediment distribution, deterministic B-U numerical models can accurately reproduce water levels and currents. However, the corresponding simulation of sediment transports is more problematic: it involves much wider spectral scales with net fluxes generally determined by non-linear coupling and subject to biological and chemical mediation.  Moreover, associated 'errors' in evolving morphology accumulate, further amplifying 'errors' in transports.  Longer-term (decadal) simulations with B-U models involve bathymetry and surficial sediments significantly different from initial specifications, and so must encapsulate a wide range of possible outcomes, i.e. provide an ensemble of predictions.
WP1 provides a new framework for the application of B-U models to estuarine management issues involving morphological change.  It builds on investment in POL’s Liverpool Bay Observatory, utilising the three major (disparate) estuaries of the Dee, Mersey and Ribble as test-beds for developing a rigorous, systematic modelling application framework.  This framework, to test sensitivities to model formulation and to forcing conditions, should be widely applicable over a range of estuaries and model codes.
WP1.1  Application, with sensitivity tests, of POLEST 2D/1D hydrodynamic model to predict flood levels in three estuaries (Mersey, Dee, Ribble) due to tides, surges and waves.     Sensitivities envisaged: sea level, storminess, river flows. 
It is planned to use a (cut-down) version of POLCOMS 3-D as already set up for Liverpool Bay including all three estuaries.  First runs will be for tides, then adding 2004 met. forcing for surges and subsequently adding SWAN for waves.  Waves will contribute to flood level via (i) wave set-up (which will be modelled) and (ii) some (empirical-to-be-discussed-with-HR frequency-dependent?) factor of significant wave height, c.f. WP3.1.  Sensitivities:

Msl – present, + 0.25 m
Storms – as 2004, maybe + 10% wind speed or as suggested by CDV2075 (wind direction may matter more than intensity)

River inflows – firstly zero, then 2004 values, then 200 m3/s or maximum observed.
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POL
WP1.2  Application, with sensitivity tests, of POLEST 3D mixing model, to compute suspended sediment concentrations and net fluxes, with generalised statistical encapsulations to permit sensitivity tests.  Sensitivities included: vertical shear, depth-varying eddy viscosity E(-3z2 + 2z + 1), time-varying eddy viscosity (quarter-diurnal amplitude 0.25E with a peak 1 hour after peak current), dispersion “bounces” = (0,1,4,16), residual current Uz = g Sx D3/E (-z3/6 + 0.2687z2 – 0.0373z – 0.0293), mean sea level (+ 1m), river flow (20 and 2000 m3/s), rate of marine sediment supply (x ½) , sediment size d = 10, 103/2, 102 μm (wS = d2.10-6 m/s), mixed sediments, consolidation (as decreasing erosion rate).  These should be supplemented by more realistic values, msl + 0.3 m, river flow 200 m3/s or Mersey maximum.  N.B. max 104 tonnes net/tide into Mersey Narrows × 35,000 tides in 50y (or a total 5.107 m3 at average rates) spread over 80 km2 estuary area is O(1 m) deposition in 50 years (offset by dredging).                                                                                                         
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POL
WP1.3  Application of POL & HRW's Lagrangian particle-tracking models to the Mersey and Thames, respectively, evaluating sensitivities to: mixed (varied) sediments, marine supply, consolidation.  Sensitivities diagnosed as sediment fluxes at “flux curtains” to:
  - waves (possibly): if so, with and without constant waves (from E for Thames)   
  - grain size: (Thames) standard d = 200 μm; also 100, 300 or 400 μm (three in all) 
  - update time-step (for bathymetry): compare 0.1, 0.3, 1 year (done) 
  - supply: POL introduce (silt/mud) at a line (Mersey mouth hitherto), HR introduce (sand) over an area and expect to compare inner- and outer-estuary supply thus 
  - mean sea level: (present and) present + 30 cm (contributes to 2.7) 
Model runs on the “other” estuary (i.e. POL-Thames, HR-Mersey), may be funded from surplus in Data budget (to be checked and approved).  Then POL and HR will each use their own models, bathymetry, forcing / boundary conditions [the models differ in dimension, hence scope for particle movement, bedload vs. suspended related to grain size, scope for morphodynamics and update interval, run length, number of particles tracked, seeding, deposition and erosion, particle transport c.f. water velocity, particle time step].  
(9-33)








HRW  POL                                                                
(see WP2.6 for subsequent development of morphological aspects)

Sensitivity tests to include changes in rate and nature (sediment type) of sediment source, characteristics of sediment erosion, suspension and deposition, including cases of mixed sediments (with particular focus on inter-tidal zones).  [Consolidation effects were also considered in WP1.2.  The HRW model applies to sand, for which consolidation is not a relevant process; mixed sediments are taken to be of non-interacting grain-sizes.]
Milestone 01/01 Guidelines for application of B-U models ….  See Annex 5.
WP2. Development of new HYBRID models via integration of B-U and T-D models and characterisation of likely changes in estuarine morphology by 2050

WP2 involves the development and application of a SHELL to couple T-D and B-U models to produce new HYBRID models.  Using new results from FD2116, WP2 also involves the application of these new and existing HYBRID models to predict characteristic 2050 morphologies.  

(4-33)                                                 

                           (ABP, U PLYM, HRW, POL)

WP2.1  Development of a SHELL Application Framework
Development of a SHELL Application Framework to facilitate set-up, coupling and application, assessment and visualisation (GUI) for hybrid models.  The generic framework will be designed to work with a range of proprietary B-U models (e.g. POLEST, ISIS, MIKE).  ABP will lead development of the SHELL.  HRW will adapt I/Ps and O/Ps of its ISIS and/or Telemac models to match the SHELL
As well as the above post-processing and diagnostic functions, the SHELL provides a user interface and is designed to allow users to “plug in” other algorithms (within limits). Functionality is enhanced by considering geological and manmade constraints. Tests and case studies are for the Humber, Southampton Water, Thames, Blackwater, Mersey and Severn (CHaMP).  Likely users are HR/ABP, consultants, universities (as a training tool). Written in Visual Basic, but could convert to Matlab.
Improvement of existing cross-section updating routines applied in the SHELL by including some representation of the physics. This would aim to allow for partial fixity of the underlying geology, allowing erosion to take place after a defined period of exposure.  An initial workshop would help this task, before developing new algorithms.
(10-33)                      







ABP  HRW POL
WP2.2  Development and application of ‘hybrid’ models
The SHELL regime 'hybrid' model will be applied to nominated estuaries: Humber, Southampton Water, Thames, Blackwater-Tollesbury, Mersey.  Further development and sensitivity testing of HRW regime algorithms from FD2116, to resolve outstanding issues and provide reliable results.        
(10-33)                                                                                                             ABP  HRW
WP2.3  Development and application of ASMITA-type model
Continue development of an ASMITA-type model.  ABP have coded a version using MathCAD based on published work (Stive et al, 1998) [as part of input to the Severn Estuary CHaMP study for the EA].  The model uses the ratio between the transport rate into the system and the rate of sea level rise to predict the adaptation capacity of a tidal inlet to sea- level rise.  The MathCAD version of the ASMITA-type model will be translated to open code MATLAB and a manual/user-guide prepared (ABP)
The ASMITA-type model will be applied on the Thames (HRW)

 (10-33)                                                                                           
             ABP  HRW
WP2.4  Development and application of 'inverse' hybrid models. 
Spivack & Reeve (2000) showed how a top-down model (a 1-line equation that describes the evolution of the position of a beach height contour) could be cast in the form of an inverse problem to retrieve a time-averaged forcing term.  The forcing term represented the cumulative effect of the processes driving morphological change, over and above the wave-driven littoral transport already included in the 1-line equation.  We propose to use the output of a detailed process model at two different times as input to a hybrid model.  The time-averaged forcing determined from the inverse model should coincide with the time-averaged forcing computed with a detailed process model.
Individual contributions from specific processes in the bulk source term (generating morphological change) will be disaggregated by using a T-U model as part of an inversion method alongside a B-U model. The disaggregation will establish the basis for extending the top-down model in a manner that will be consistent with the process model approach (or vice versa). The B-U model will be one used elsewhere in the project.  Ideally, subsequent assessment against historical data would follow.  However the primary objective will be to assess the merits of this new approach and to indicate the nature of the observational data required for such assessments.
(9-31)                                                                                            
       U PLYMOUTH
WP2.5  Development and application of an estuarine analytical-emulator 
This development will produce results for intercomparisons in 2.7 and provide a module for the morphological module to be developed in FD2117.  All relevant background papers are now published; we will liaise with FD2117 regarding incorporation in the simulation system. 
(23-31)                                                                                               
          

POL                                                            
WP2.6  Development & application of a hybrid morphological capability for Lagrangian particle-tracking models

     HRW will adapt its Lagrangian particle tracking models SEDPLUME-RW and SandTrack to deal with fine sands in a consistent manner (using in-house funding), and will develop the resulting model to become an estuary morphological hybrid model by transporting lenses of sediment with each of the 1000s of tracked grains.  This approach will give the provenance of sediment (possibly contaminated) arriving at an area of accretion, as well as the quantity.
 (4-31)                                                                                                 
           
HRW  POL

WP2.7  Intercomparison and evaluation of model predictions for 2050 morphologies.
Results from B-U, T-D and HYBRID models will be evaluated to produce 'ensemble'  characterisations of likelihoods for 2050 morphologies. 
This study assesses model performance in applications involving eight estuaries (table 1).  Intercomparisons will involve estimates of tidal and mean (residual) values of suspended sediment concentrations and fluxes and the related spatial divergences (net accretion or erosion) from: theory, model applications, geological and historical records.  [There have been Historical Trend Analyses for the Humber, Ribble, Mersey, Southampton Water.  See Pye & van der Wal (2000).  See also FD2110].  Observations will be used for comparison with ensemble member outcomes.  The wide spatial and temporal scales encompassed in these inter-comparisons will provide a background to:

· assess the ensemble ranges produced in the model sensitivity and scenario tests
· relative sensitivities from B-U, T-D, observations, in relation to system size, stability / maturity, exposure
· use observations to guide the (reported) weighting to attach to ensemble members

· (possibly) provide evidence on “flips” between quasi-equilibrium states.
The “ensemble” arises from

· different models (as given in table 1)

· varying parameters that may not be well-prescribed in any one model (these are inherent in any one model, so a matter for the individual partner running that model)

· varying forcings / scenarios relevant to 2050.  Suggestions for this are as discussed in WP1.1-1.3, WP3, TE2100, CDV2075, UKCIP02, IPCC (2001), Defra (2003), e.g. 
· msl: + 0.30 m realistic, + 1 m extreme

· tidal range: + 2% (Flather et al., 2001)

· wind speed + 10% or direction change suggested by CDV2075
· (corresponding) changes to 50-year extreme levels [c.f. ABP SHELL in Severn]

· river flow + 20%

· wave heights + 10%

· wave periods + 5%

- increase the storage area (managed re-alignment), e.g. entire flood plain behind existing defences, or remove defences over the inner or outer part of the estuary)
[NB not all these forcing variables will be applicable to any one model.  The approach to treating them will also vary from model to model; in effect, this is part of the ensemble relating to different models.  However, discussion has indicated that they will be more widely applicable if applied as a fixed level of (changed) forcing, e.g. msl + 0.30 m ab initio.  This may not be the most realistic scenario but gives a clearer indication of evolution time-scale.  TE2100 will be an ensemble of 17 HadRM3 runs for 2070-2100, due autumn 2006.  CDV2075 used (for winds and waves) 30-year simulations with ECHAM4 at T106 spatial & 6-hourly temporal resolution: (i) present-day and (ii) double-CO2 (just one realisation each); msl + 0.35 m was a best estimate from IPCC (2001).]

· varied estuaries (as given in table 1), albeit for model development most of the value of the ensemble may be in different ensemble members compared on one estuary.
To maximise the ensemble spread, we do not specify the variations of forcing / scenarios to the individual modellers.  However, to assess dependencies it will help if individual models are run on ranges of the forcing / scenarios, so that trends with (e.g.) sea-level rise are not completely obscured by differences between models or model parameters.
To help the comparisons, we identify a priori some (few) quantities to be compared:
- tidal and mean (residual) suspended sediment fluxes (as implied) at a few “flux curtains” (probably not possible with all models)
- change in proportions of inter-tidal and channel areas or volumes

- change in overall cross- and / or along-estuary convexity of the depth profiles

- change in area of salt-marsh
- time-scale of evolution (e-folding time)

Specifying the extent of each estuary to be included in the analysis should help comparisons. We may also want to classify reaches of estuaries having broadly similar characteristics.  To agree such definitions between partners in advance, and assist with inter-comparisons, I propose the following partners as the “lead” for each estuary: 
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For areas and volumes, use of MHWS and MLWS as reference surfaces is suggested. 
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POL   ABP  U PLYM   HRW     
WP3 Impacts of future estuarine morphologies on changes in flood risk and habitats

WP3 estimates the impacts of these characteristic morphologies in 2050 (WP2.7) on changes in flood risks and forecasts (given representative flood defences) and habitats (conservation).  IPCC (2001) values will be used for changes in msl, rainfall, storminess.  See also UKCIP02 in Defra (2003), suggesting (baseline at present values &) changes

Msl +30 cm

Extreme level to be investigated otherwise as msl

River flow + 20%

Wind speeds + 10%

Wave heights + 10%

Wave periods + 5%.
FD2107 will not replicate impacts of precise schemes.  WP3 provides feed-back to earlier WPs regarding the relative significance, in differing estuaries, of morphological changes.

(13-41)    







HRW POL
WP3.1  Impacts on flood levels due to tides, surges and waves.

Adopting schematised changes in the whole-estuary morphology (meaning a summary from WP2.7; HR will probably base on TE2100 for Thames; see note on TE2100 in WP2.7), B-U models are used to predict the changes in maximum water levels due to tides and surges, with and without raised msl and including the potential for overtopping of defences by waves.  [If the estuary is short compared with ¼ wavelength, changes in morphology may affect the waves more than the broad-scale surface elevation].  Applications to include: Mersey (POL; this is likely to include the Ribble and Dee at the same time, as in WP1.1), Blackwater and Thames estuaries (contrasted length, tidal range, etc.; HR using POL information on “all” tide-gauge data).  The work should be informed by ABP experience of applying the SHELL to such a study in the Severn, looking at changes to 50-year extreme levels as well as to msl (as an effect of changed morphology).  HRW can contribute evidence from other estuaries / studies (model or observation) including changes in flood levels from changes in waves and in morphology.
(18-38)  







HRW  POL
WP3.2  Impacts of morphological change on flood defences and habitats via changes in erosion/sedimentation (rate).  Impact on habitats is often the most serious perceived problem, rather than change to flood risk.
 Subsequent to WP 3.1, the related consequences for raising of flood defences and for changes in habitats will be examined.  Same estuaries as WP3.1 for HRW and POL.  HRW will inform POL of what to look for.  Known evidence from the respective estuaries will be described (e.g. spreading marshes in the Dee).
(28-41)    







HRW  POL
WP3.3  Development and application of HRW's re-alignment module   
Changes in habitat are especially significant where defences are re-aligned. A hybrid model will be developed and applied to predict such changes at a local level in the Blackwater Estuary.  The morphological and habitat evolution of areas affected by managed re-alignments will be the subject of a hybrid model to be developed by marrying HRW’s existing B-U models to a T-D lagoon model from the literature.  Envisaged sensitivity tests include changes in: msl, storminess, river flow, with proportionality to climate changes represented by variations in wind speeds - based on IPCC (2001) assessments.
 (12-30)                                                                                                             HRW                         
4  DATA REQUIREMENTS
Overall, we wish to indicate the likely impact of GCC and interventions, on flood risk and habitat conservation in a range of estuaries.  We also aim to show how the various models can be utilised alongside relevant observational data to investigate specific cases.  B-U simulations need to extend over many years and embrace a wide range of conditions.  B-U models require observational data to parameterise bed friction coefficients and other sediment characteristics.  Rule-based T-D models require data that can validate underlying assumptions (possibly indirectly via verification of B-U model simulations).  Geomorphologically-based T-D models require sequential bathymetries extending over: (i) centuries, for net effect, and (ii) shorter relevant cycles for intervening variability and hence representativeness of (i).
The aim is to access data from:

(i) any planned observational campaigns concurrent with the project 

(ii) existing data bases (including the Mersey, Humber, Thames and Southampton Waterway mentioned below), perhaps requiring additional processing for present purposes.
Workshop 1 assessed the availability and suitability of observational data relating to:

· set-up, forcing, validation and assessment of models (need estuarine depths, breadths, lengths – volume, surface / cross-sectional areas – at high and low tide; msl, tidal heights and currents; waves, surges, tsunamis; temperature for some contexts, salinity; river flows, catchment size / type / land-use history; meteorology)
· sequential bathymetries and surficial sediment distributions (need vegetation, benthos, habitats, salt-marsh, bed-features; sediment supply)
· time-series of suspended sediment distributions

· historical sequences of sediment accumulation (magnitude, distribution, provenance and sediment type) over the Holocene (need post-Holocene coastal retreat, crustal rebound, set-back, reclamation, flood defence, dredging, canalisation, land use, coastal management). Historical Trend Analysis as described in the FD2116 report has been carried out for the Humber, Ribble, Mersey, Southampton Water.  See Pye & van der Wal (2000) and FD2110
· quantitative estimates of impacts of biological & chemical mediation of sediment erosion and deposition.

High priority will be given to exploiting recent advances in availability and accurate interpretation of airborne LIDAR, ATM and CASI surveys beneficial for set-up, forcing (b.cs), parameterisation and model assessment.  EA Lidar covers areas of the Dee, Mersey, Ribble, Humber, Blackwater, Thames, Southampton Water, Tamar.  Likewise, usages of satellite, geological, geomorphological, biological and chemical data sets will be explored. 

Following Workshop 1, DP visited EA Twerton, BGS and Plymouth University (FutureCoast interests) to assess possible contributions to WP4 requirements.  Subsequently U Plym Enterprises has been contracted to assemble data, months 13-36.
The FutureCoast data-base has been augmented by:

- more detailed freshwater flows (seasonal statistics) from CEH archives for 65 E- and W-coast estuaries

- saline intrusion lengths for most estuaries from literature review and Marine Nature Conservancy Review

- estuary depths and tidal amplitudes for most estuaries.

For months 25-36 the plan is to increase detail for the main FD2107 estuaries and archive the expanded data with BODC.

Holocene surface data have been discussed further (Mersey, Thames, Southampton Water, Humber, Blackwater, Ribble?).  These do not necessarily give geological constraints. Availability of Holocene surface data (in terms of an indicator of sediment erodibility) is being assessed for each estuary.  Each partner is to request data required for WP2.7.
Existing data

The estuaries studied in this project were selected on the basis of their observational data sets compiled in EMPHASYS and EstProc (ABP, 1999; HRW, 1999).  These data include: bathymetry, sea level, waves, currents, river fluxes, surficial and suspended sediments, geology, vegetation, benthos, WQ. They provide a reasonable platform for B-U modelling.

Examples of sequential  bathymetric surveys are shown by Pye & van der Wal (2000), spanning 150 years in the Ribble (4 surveys) and Humber (3), over 100 years in Southampton Water (3). Thomas (2000) shows 6 such data sets for the Mersey over 140 years.  ABP have monthly surveys of the main channel of the Humber extending over 25 years.

On the 'geological time scale' Balson (2000) shows evolution of the Humber, Mersey and Southampton Waterway over the Holocene.

New Data

Highest (realisable) priorities will extend data coverage as follows:

For B-U models

Whole-estuary CASI surveys of inter-tidal surficial sediments and suspended sediment concentrations, including variability over spring-neap and seasonal cycles.

For T-D models

Extension of the sequential bathymetries described above to indicate variabilities between:

(i) large and small estuaries with changing catchment characteristics, (ii) N-S divide over the 'falling/rising' sea level hinge point and (iii) E-W divide of exposure to storminess.

Any data purchased from partners in this project or from third parties for use within the duration of this project will be subject to charging regimes and license restrictions applied by those parties. Any ongoing use of data required by any product of this project would be subject to a separate licence agreement subject to any charging regime or licence restrictions as may be applied.

5 OUTPUTS 
(a) internal reporting
Quarterly - progress reports

Annual   -  reports
Revised milestones
	Milestone
	Revised target date
	Description

	0/01
	M10
	Inception report

	01/01
02/
	M33


	Report: guidelines for application of B-U estuarine models to assess
impImpacts of GCC and interventions on flood risks and sediment regimes.  (WP1.1, 1.2 & 1.3)

	02/02
	M33
	Report on development of SHELL application framework for HYBRID models (WP2.1)

	02/03
	M36
	Report on development and application of T-D and HYBRID models. (WP2.2, 2.3, 2.4, 2.5, 2.6)

	03/01
	M36
	Report on intercomparison and evaluation of B-U, T-D and HYBRID models. (WP2.7)

	00/02
	M42
	Report on effects on flood levels and habitats of characteristic 2050 morphologies. (WP3.1, 3.2, 3.3)

	
	
	Final Report, Workshop and scientific papers


Milestone reports (in Defra format) should proceed in the following stages

i) lead partner draft

ii) circulate other involved partners and POL for contributions and comments 

iii) circulate all FD2107 partners, Defra officer and selected reviewer for comments
iv) finalise.

The final report should include
· a synthesis of the project as a whole

· systematic coverage of all Work Packages (but not necessarily in all detail if fully described in Milestone reports)

· reference to and summaries of all Milestone reports

The final FD2107 workshop (possibly joint with FD2117) may be orientated towards science rather than users, in view of the commissioning of a Dissemination project FD2119 which is expected to hold user-workshops around the UK.
(b) external reporting
A Special Issue of a Scientific Journal is planned, with papers to include:

 (a)  sensitivity of SPM concentrations and fluxes to sediment parameterisations

 (b)  inter-comparison of T-D, B-U and Hybrid estimates of morphological evolution

                             (c)  characterisation of likely impact of climate change  and interventions on 

                                   flooding, flood defences and habitats in UK estuaries by 2050. 

(d)  assessment of validity of ‘rule-based’ models via B-U simulations

(e)  further development of ERP Phase 1 (EMPHASYS, 2000) guidelines to commissioning and assessing estuarine modelling studies. 

(f)   application framework to set up, couple, apply and visualise model results

(g)  morphological module for EMS simulator (FD2117) 

 Anticipated 2 articles for Defra CDR newsletter
(c)  tools & models
1) Framework for application of B-U models for impacts of GCC on flooding.    WP1

2) Refined estuarine models, including Hybrid models capable of 50y morphological predictions.                                                                                   WP1, WP2 & WP3                                                           

3) An applications framework SHELL  for coupling B-U  to T-D models,  providing new HYBRID models with suitable assessment and visualisation capabilities   WP2.1

4) An estuarine morphological emulator for incorporation into a system-based estuarine simulator (FD2117).                                                                             WP2.5

5) Enhanced models of estuarine sub-systems and mixed sediments     WP3.3 &1.3

 (d)  management &  dissemination

Continuing feed-back on progress will be provided from a Review Group, comprising: J. Huthnance, R Soulsby, P Norton, the leaders of FD2116, FD2117 (and FD2119 when established) and one  Industry Representative  (D Keiller , B.V.) together with additional feed-back from the Project Manager (A Parsons) and EA/Defra assessors (to be decided; BAO’C, JMcM, MWO, DK, MFCT suggested in various contexts).

An independent formal reviewer for the project (MS?) should be asked by Defra.
A www-site has been established to facilitate:

  (public) for general awareness, charting progress etc

  (internal) model software & observational data exchanges

Six monthly Workshops will include: detailed assessments of WP components completed (inter-sessionally), review of WP components underway and discussion of new WP components about to commence.  
APPENDICES
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2 MODELS

TABLE 1(a) MODELS : type, existing status, developments status and access

	(a)

ORG
	MODEL TYPE
	MODEL
	WP
	Existing

Status
	FD2107

Development
	Development

Status
	Access/ Dissemination

	POL
	HYBRID
	ANALYTICAL  EMULATOR
	2.5
	O-C
	NO
	N/A
	N/A

	
	B-U
	POLEST(E)

POLEST (L)
	1.1, 1.2,

3.1, 3.2
	O-C

P-C
	NO

NO
	N/A

N/A
	N/A

N/A

	ABP
	2 T-D
	RULE-BASED
	2.2
	P-C
	YES
	O-C
	O-C,  MR

	HRW*
	HYBRID
	SANDTRACK
	1.3, 2.6
	P-C
	YES
	O-C
	O-C, MR or SP

	
	B-U
	TELEMAC
	3.1, 3.2

2.2
	C-C
	NO
	N/A
	N/A

	
	PROCESS
	REALIGNMENT
	3.3
	TBD
	YES
	O-C
	O-C

	U  PLYM
	HYBRID
	INVERSE
	2.4
	O-C
	YES
	O-C
	O-C, SP

	ABP
	SHELL
	COUPLER
	2.1
	   ----
	YES 
	O-C
	O-C, MR


O-C open code, P-C proprietary code, C-C commercial code, MR methodology report, SP scientific paper , TBD to be developed

* HR will make use of the existing commercial codes TELEMAC and ISIS, and proprietary codes SEDPLUME-RW and SandTrack. The TELEMAC model is commercial code developed originally by Electricité de France, and is not owned by HR Wallingford.  The ISIS model is jointly-owned commercial code. The SEDPLUME-RW and SandTrack models are HR’s own proprietary code, developed without any Defra funding, and connecting with TELEMAC hydrodynamic outputs.  As commercial and proprietary models that were established prior to the tender of FD2107 these models cannot be offered as open code. However, we will ensure that all adaptations to the software developed under FD2107 are modular and clearly documented in a way that could be carried over to other third party codes, as prescribed in Defra’s Invitation to Tender.

The morphodynamic adaptation of SEDPLUME/SandTrack will be made available as open code, suitable for use with other particle-tracking models such as the POL community Lagrangian model.  It is envisaged as comprising a FORTRAN module that takes inputs of the position coordinates of (typically several thousand) particles from a particle-tracking model, and outputs changes to a grid of bed elevations.  The latter can be interfaced to a bed-update module, which needs to be specific to the flow model being used.  Only the module developed in FD2107 will be a deliverable, plus instructions on how to interface it between a particle-tracking model and a bed-update module.  However, the task of implementing the interface to other specific models will be the responsibility of the owners of the other models.

The hybrid module for morphodynamic development of managed re-alignments will be made available as open code in a similar manner.  It will comprise a FORTRAN module that takes as inputs the current velocities from any commercial or proprietary flow model, and/or sediment transport from a commercial or proprietary sediment transport model, and computes the resulting bed updates in response to a managed re-alignment. Only the module developed in FD2107 will be a deliverable, plus instructions on how to interface it to a flow model.  However, the task of implementing the interface to other specific models will be the responsibility of the owners of the other models.
TABLE 1 (b) MODEL :  applications 

	ORG
	MODEL TYPE
	MODEL
	BLACKWATER
	HUMBER
	THAMES
	TAMAR
	SO’TON  WATER
	RIBBLE
	MERSEY
	DEE
	WP
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	(
	(
	(
	(
	(
	2.5
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(
	(
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	2 T-D
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	(
	
	(
	
	2.2
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	ASMITA-type
	
	
	HRW
	
	
	
	
	
	2.3

	HRW
	HYBRID
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	(
	
	
	
	
	
	1.3,2.6

	
	B-U
	TELEMAC
	(
	
	(
	
	
	
	
	
	3.1,3.2

2.2

	
	PROCESS
	REALIGNMENT
	Tollesbury Creek
	
	
	
	
	
	
	
	3.3

	U  PLYM
	HYBRID
	INVERSE
	
	(
	(
	
	
	
	(
	
	2.4

	ABP
	SHELL
	COUPLER
	
	
	
	
	
	
	(
	
	2.1

	
	Different ->
	No. in “ensemble”
	3
	3
	4/5?
	1
	2
	2
	4
	2
	2.7


(a) POLEST 1D/2D/3D and Lagrangian POLEST 1D/2D/3D  
Simulation of tidal elevations and velocities together with SPM time-series using POLEST models were assessed in EMPHASYS (Lane & Prandle, 2000) for the Mersey Estuary.  The 1D/2D/3D bottom-up models solve the equations of conservation of mass and momentum discretised via grids that are, respectively, cross-sectionally averaged, depth-averaged and fully 3-D.  The finite-difference solutions are explicit except for the derivation of (vertical) current profiles which is implicit. Rectangular (strictly polar) grids are used horizontally and sigma-co-ordinates, with constant resolution, in the vertical. For the present applications to shallow, strongly tidal estuaries, the 3-D model assumes that vertical diffusivity = vertical eddy viscosity (E) = f U D, where f is the bed friction coefficient, U is tidal current amplitude and D is water depth.

Lagrangian  particle tracking module
This 'random-walk' module, incorporated within POLEST models, simulates independently the erosion - suspension - deposition of (typically) 100,000 sediment particles. Erosion is based on conventional bed-stress formulations. Suspension, with accompanying horizontal advection, is represented by random vertical excursions (of magnitude (2 E DT)1/2 each time step (DT).  Deposition is via settlement velocity W.  In addition to logging the horizontal and vertical co-ordinates of each particle, their origins, size, shape, attached chemistry, time since deposition etc. can be stored.  Hence this approach readily facilitates incorporation of effects such as: size-spectra of sediments, consolidation, time-varying bed roughness as a function of surficial sediments.

(b) HRW Lagrangian particle-tracking model SandTrack
HRW has a well-established random-walk Lagrangian particle-tracking model for the dispersal of suspended muddy sediments, primarily dredged spoil, (SEDPLUME-RW).  More recently we have developed a sister-model (SandTrack)for Lagrangian particle-tracking of sand-grains including bedload, suspended load, incipient motion and burial processes (Mead & Rodger, 1991). The models operate by tracking the movement of “tagged” grains of mud or sand, each representative of many billions of similar grains.  Runs over times of typically a few weeks to a few decades give predictions of where the tagged grains end up.  We will extend the model to associate a volume of sediment with each tagged grain, and deposit it on the bed in a diffuse fashion (as a sediment “lens” with a defined maximum thickness and extent).  The sum of the lenses gives the morphodynamic development of the estuary, fitting the main aim of FD2107.  If this process is repeated at intervals of say 1 year or 10 years, and the hydrodynamics re-calculated at each step, this is in effect a Hybrid model.  It has the advantage over other Hybrid models that in areas of deposition (tidal flats, salt-marshes) the source of the deposited sediment is known as well as its thickness.  The tagged particles can carry a marker to indicate whether they are polluted with heavy metals, for example.  Thus this approach to morphodynamics leads directly to information which is additionally valuable for biological, ecological and water quality purposes, such as whether a newly deposited area of sediment is contaminated.  Sites that the SandTrack model has been applied to include the north coast of Scotland, Morecambe Bay, and the Dee Estuary.  We will test the new developments in FD2107 on the Thames estuary.  These developments will be done in collaboration with POL’s development of their own Lagrangian model.
 (c) Application Shell

The development of the application shell is required to provide a standardised tool for coupling a range of bottom-up hydrodynamic models and top-down morphological models. The generic framework of the shell will facilitate access using proprietary hydrodynamic models (eg. Telemac, MIKE21). A full review of previous work in this area will be undertaken prior to commencing any developmental work. The review will lead to the preparation of a proposed data exchange protocol which, subject to modification, will be approved within the consortium before implementation. Minor changes to input and output routines of existing models may be required before they can function within the shell environment. During development, the shell will be tested using selected bottom-up and top-down models and examples of hybrid models will be demonstrated. The shell will then be distributed within the consortium for further application and testing of hybrid models. On completion of the study, the shell will be available for wider distribution.  The developments in WP2.1 are ambitious and innovative.  More detailed descriptions of the work-plan and applications will be circulated when a fuller appreciation of the challenges are realised.
(d) Top-down models
Form Model

The EstForm model described in EPR1 was originally applied to the Humber Estuary. This hybrid model was capable of reproducing underlying trends in total estuary volumes over a period of several decades. The model was not able to reproduce short-term fluctuations of the bed particularly well and other variables or even long-term trends in intertidal volume. Because the model is driven by long-term trends in water levels, it can also be used to predict future changes in gross estuary properties, providing reliable predictions of long-term trends in water levels are available for the estuary.

The EstForm model has been developed further since ERP1. The model can now describe changes taking place within individual reaches along the length of an estuary. As before, a significant amount of data is required and to date the revised model has only been applied in the Humber Estuary. The Humber has been the preferred test-bed for the model where digital bathymetry at approximately 5-year intervals over a period of 65 years is available. The model is underpinned by a detailed long-term analysis of water levels in the estuary, extending over a period of 80 years. The model has been used to test the impact of specific mechanisms (eg. accelerated sea level rise) on estuary form.
Entropy Model

The entropy-based top-down model, EstEnt, developed by ABPmer was applied extensively to six UK estuaries in ERP1 (Gill et al. 2000).  The concept of minimum entropy production was derived for the general case of bi-directional tidal discharge in an estuary.  Hydrodynamic conditions required by the model can be provided from a 1D, 2D or 3D B-U model. Application of the model allows the total energy distribution along the estuary to be compared with the theoretical distribution based on minimum entropy production. The model is used as a diagnostic tool by repeating the analysis using data from different periods in time. Changes in the distribution of total energy along the estuary are used to determine whether or not a system is converging towards or diverging from its most probable state.
 (e)  Inverse Model

Spivack & Reeve (2000) showed how a top-down model (a 1-line equation that describes the evolution of the position of a beach height contour) could be cast in the form of an inverse problem to retrieve a time-averaged forcing term.  The forcing term represents the cumulative effect of processes driving morphological change, over and above the wave-driven littoral transport already included in the 1-line equation. We propose to use the output of a detailed process model (likely Humber, Thames and Mersey) at two different times as input to a hybrid model.  The time-averaged forcing determined from the inverse model should coincide with the time-averaged forcing computed with a detailed process model.  The ensemble results from sensitivity/scenario tests of B-U models should indicate likely 'noise' levels associated with observational results. This will be useful in determining the feasibility of application of the method using observed data.
(f) Analytical Emulator

New theories have been developed (Prandle, 2004) and translated into characteristic responses for: tidal propagation, saline intrusion, sediment trapping and sorting and turbidity maxima - all consistent with stable estuarine bathymetries.  These responses have been integrated into an 'analytical emulator' providing explicit expressions linking dynamics, sediment motions and bathymetry  The emulator describes, quantitatively, the balance of  bathymetry with prevailing tides, river flow and alluvium in strongly tidal, funnel-shaped estuaries.  By assuming a ‘synchronous’ estuary with a triangular cross-section, a direct relationship is established between localised tidal dynamics and the slope of the sea bed.  Integration of the latter provides an estimate of estuarine length L.  These approximations enable salient features of estuarine tidal dynamics and related levels of stratification to be illustrated directly as functions of D and 
[image: image1.wmf]z
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.  The dynamics of saline mixing then give an expression for the length of saline intrusion.  Utilising these derivations for estuarine length and saline intrusion length, an expression is derived for estuarine depth Do at the estuary mouth, in terms of the river flow Q and side slope of the triangular cross section.  Finally, existing theories on the nature of locally re-suspended sediments in tidally-dominated regimes are combined with the influences of 'tidal pumping', salinity intrusion and river flow to derive conditions consistent with zero sediment flux i.e. stable morphology.

(g) HR Wallingford – Re-alignment model
For strategic planning consideration the sustainability of flood defence management activities is a function of local impact and, in particular, issues surrounding managed realignment and habitat.  The tools available for resolving the issues particularly relating to the evolution of habitats created by managed realignment are not well developed, partly because of the site-specific complexity of these systems and the significant roles of tides, waves, sediment, vegetation and biology at small spatial and temporal scales.   By adapting models which have been used in other related systems real progress will be made towards provision of a management tool for re-alignments.  We will develop a model for prediction of local changes in morphodynamics resulting from managed realignment.  The methodology will build on the conceptual modelling approach to habitat development employed successfully by di Silvio and others for lagoon environments and which the Research Plan suggests as a sound base for future progress.  This approach is essentially hybrid  – combining bottom-up and top-down aspects – to describe the inlet functioning; it also has built-in flexibility to incorporate the effects of waves, vegetation and biology and to allow future increases in complexity as the level of knowledge regarding these and other processes develops.  One of the important aspects to solve is that by definition a managed realignment site is a “virgin” site with no representative hydraulic, sedimentological, vegetative or biological functioning upon which any prediction can be based.  The method must therefore be viable in predicting a priori and at least qualitatively what will occur on breaching.   The method will significantly enhance the applicability of the estuary system community model envisaged in FD2107, which will lead to the management tool envisaged in the ERP Phase 3 stage.  The method will be designed so that it can be integrated with the POL hydrodynamic model system.
 3 FINANCES

               Defra funding        In-kind

POL            131400                  86250

HRW           113000                  19000

ABP            109800                  10000

U P               40000

POL 's R&D activities in FD2107 will be supported (on equal cost basis) by the convergent interests of its Core Strategic Science Programme


HR WALLINGFORD contribution includes similar matching funding for components that are convergent with in-house strategies. 


ABPmer will provide bathymetric data to the project to the notional value indicated.

A total of £56000 has been allocated for travel, subsistence and hosting of workshops and other forms of publication and dissemination of results.  Additional costs for external steering committee members and Assessors will also be covered from this sum.  (Researchers' time at Workshops and meetings must be recovered from WP allocations).
A sum of £50000 has been allocated for data access - see Section 4.

4 INTELLECTUAL PROPERTY RIGHTS (IPR)

Ownership of intellectual property arising from this project will normally reside with the party supplying the research (unless otherwise specified).  For certain specific products designated as 'open code' (identified in Table 1a) the ownership of intellectual property will be transferred from the research provider to Defra.
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