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 Evidence at the Environment 
 Agency 
Evidence underpins the work of the Environment Agency. It provides an up-to-date 
understanding of the world about us, helps us to develop tools and techniques to monitor 
and manage our environment as efficiently and effectively as possible. It also helps us to 
understand how the environment is changing and to identify what the future pressures may 
be.  

The work of the Environment Agency’s Evidence Directorate is a key ingredient in the 
partnership between research, guidance and operations that enables the Environment 
Agency to protect and restore our environment. 

This report was produced by the Scientific and Evidence Services team within Evidence. The 
team focuses on four main areas of activity: 

 

 Setting the agenda, by providing the evidence for decisions; 

 Maintaining scientific credibility, by ensuring that our programmes and projects 
are fit for purpose and executed according to international standards; 

 Carrying out research, either by contracting it out to research organisations and 
consultancies or by doing it ourselves; 

 Delivering information, advice, tools and techniques, by making appropriate 
products available. 

 

 

Miranda Kavanagh 

Director of Evidence 
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 Executive summary 
The Pitt Review after the flooding in summer 2007 concluded that flooding from a range of 
sources can no longer be managed by building ever higher, lengthier and heavier defences 
in urban and rural areas. The review emphasised the need to ‘work with natural processes’ 
(WwNP) as part of integrated portfolios of responses to flooding and coastal erosion. WwNP 
means: 

‘taking action to manage fluvial and coastal flood and coastal erosion risk by 
protecting, restoring and emulating the natural regulating function of catchments, 
rivers, floodplains and coasts’. 

While there are many different tools and levels of approximation that can be used to model a 
catchment’s hydrology, the models, data and tools available for this alternative form of flood 
and coastal erosion risk management have not been benchmarked. This means it can be 
hard to select tools that help you understand the potential benefits of adopting WwNP 
measures in your catchment.  

The purpose of this project was to review existing modelling software, mapping techniques 
and data to establish how they could be used to assess a wide range of catchment 
processes to help develop flood and coastal erosion risk management projects involving 
WwNP to reduce flood risk. The review focused on models that have been used to assess: 

 run-off generation 

 sediment processes 

 in-channel barriers 

 river floodplain barriers 

 diffuse pollution 

The project involved the development of:  

 a catchment process flow chart to help you understand how your catchment 
works and to identify potential data, tools and models you could use to undertake 
a detailed assessment and then to design, construct and monitor a WwNP 
scheme in your catchment 

 an electronic library of tools which provides a detailed summary of a range of 
tools, data and models to help you select suitable tools for your catchment; its 
purpose is to provide practitioners with as much information as possible about 
different approaches, since the availability of existing models and data and user-
experience often dictates the software that can be used.  

 a detailed summary of models, tools and data to help understand how 
different tools can be used to assist planning from flood source to flood scheme 

 a series of 20 case studies which provide examples of how different models 
have been used to model a range of catchment processes across the UK 

Selecting suitable tools for the job 

A 3-step process is presented to help you select the most suitable models, data and tools to 
use in a catchment study: 
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Step 1 involves using the Microsoft® Excel based model library to help select suitable 
models, data and tools which are the most relevant to your study. This library was compiled 
through a literature review, an expert workshop and the experience of the project team.  

Step 2 allows you to find out more about the models, data and tools selected from the model 
library. The detailed review of these provided in the report introduces a range of data, data 
analysis tools and models which can be used to assess a range of catchment processes. 
For each process, details are given of the key functionality of a range of tools.  

Step 3 involves using the 20 detailed case study examples to explore whether the models, 
data and tools you have selected are appropriate for use in your catchment.  
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1 Introduction 
This project aims to improve understanding of how existing 
modelling software, mapping techniques and data can be 
used to assess a wide range of catchment processes to help 
develop flood and coastal erosion risk management (FCERM) 
projects which involve working with natural processes 
(WwNP) to reduce flood risk.  

This chapter outlines the project’s scientific, policy and 
catchment context. It explains what is meant by WwNP and 
the scientific background behind catchment modelling. It also 
stresses the importance, when developing a WwNP scheme, of understanding the 
catchment and the FCERM problems it faces so as to select the tools, models and data. A 
catchment process flow chart is presented to help you identify potential data, tools and 
models you could use to carry out a detailed assessment and then to design, construct and 
monitor a WwNP scheme in your catchment. 

Chapter 2 explains how to use an electronic library of tools, a Microsoft® Excel spreadsheet 
developed as part of this project, which can be interrogated to help select suitable modelling, 
data and mapping tools.  

Chapter 3 begins by describing the datasets that can help you understand a catchment’s 
characteristics. It then gives details of some of the data, tools and models included in the 
model library which will help you model: 

 run-off generation 

 sediment processes 

 in-channel barriers 

 river floodplain barriers 

 diffuse pollution 

The model library and the descriptions of model in this chapter are supported by 20 case 
studies. These provide examples of how different models have been used to model a range 
of catchment processes across the UK. 

Chapter 4 presents the study’s conclusions and recommendations for future work. 

The report is fully referenced and also includes a bibliography which lists reference was 
used when undertaking the literature review used to develop this report. 

 
 

1

•Introduction and 
overview

2
•Choosing a model

3
•Model summary

4
•Conclusions
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1.1 Policy context 

1.1.1 What is WwNP? 

 

1.1.2 Where did WwNP come from? 

The Pitt Review following the flooding in summer 2007 concluded that flooding from a range 
of sources can no longer be managed by building ever higher, lengthier and heavier 
defences in urban and rural areas (Pitt 2008). The review emphasised the need to ‘work with 
natural processes’ as part of integrated portfolios of responses to flooding and coastal 
erosion. Recommendation number 27 states that: 

‘Defra, the Environment Agency and Natural England should work with partners 
to establish a programme through Catchment Flood Management Plans and 
Shoreline Management Plans to achieve greater working with natural processes’. 

In response to this recommendation, Defra set up 3 catchment pilots to demonstrate a series 
of multi-objective flood management schemes, each of which included WwNP measures 
particularly focused on catchment land use management. The pilots were: 

 Pickering, North Yorkshire (Slowing the Flow) – led by Forest Research 

 Holnicote, Somerset (Source to Sea) – led by the National Trust 

 Upper Derwent, Derbyshire (Making Space for Water) – led by Moors for the 
Future 

These projects aimed to demonstrate how land management, working with natural 
processes and partnership working, could contribute to reducing flood risk locally while 
providing wider benefits to the environment and communities. Although these pilots provided 
an excellent basis for testing some WwNP approaches, they were limited in scale and 
scope. They leave a number of questions to be answered about the benefits of natural flood 
management and WwNP at larger scales and with more combinations of measures. 

WwNP involves enhancing the capacities of catchments to store, convey and attenuate 
floods in ways that reduce the negative impacts of flooding in flood vulnerable areas while 
enhancing its positive impacts in flood suitable areas (Sniffer 2011). WwNP often uses 
measures and techniques that slow, store and filter water to reduce the rate it enters 
watercourses. WwNP can complement traditional flood and coastal defences as part of the 
range of measures that risk management authorities can use to reduce the risk of flooding 
and coastal erosion to people, property, businesses and infrastructure. WwNP will help 
ensure that FCERM is carried out sustainably and as cost-effectively as possible by reducing 
future maintenance costs and maximising the wider benefits to society and the economy. It 
may do this, for example, by improving water quality, enhancing human well-being and 
providing opportunities for relaxation and recreation.  

WwNP means: 

‘taking action to manage fluvial and coastal flood and coastal erosion risk by 
protecting, restoring and emulating the natural regulating function of 
catchments, rivers, floodplains and coasts’ (Environment Agency 2012a, p. 10) 

It takes many different forms and can be applied in urban and rural areas, and on rivers, 
estuaries and coasts. Figure 1.1 demonstrates the variety of different measures it 
encompasses. 
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Figure 1.1  Examples of WwNP to reduce flood and coastal erosion risks in a 
conceptual catchment–estuary–coastal system  

Source: Environment Agency (2014a) 
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WwNP can help improve the environmental condition of rivers, wetlands and coastal areas in 
urban and rural areas, and provide economical local solutions to smaller scale flood 
problems. WwNP can also improve water quality and help to mitigate and adapt to the 
impacts of climate change such as sea level rise and more extreme weather events 
(Nicholson et al. 2012, Wilkinson et al. 2013).  

WwNP can help meet the requirements of environmental legislation and achieve broader 
environmental benefits (referred to as ‘ecosystem services’) by: 

 reducing flood risk sustainably (that is, in terms of cost efficiency, social equity 
and environmental quality) 

 providing opportunities for local stakeholder engagement and community 
participation 

 conserving, creating and restoring habitats 

 enhancing biodiversity 

 capturing carbon 

 reducing excessive sediment inputs or managing sediment more sustainably 

 improving water quality 

Since these 3 pilot projects, the number of WwNP projects being developed has increased 
as the FCERM community has started to gain greater understanding of the impacts of land 
use management on downstream flood risk (Hardiman et al. 2009, Hess et al. 2010, 
Wilkinson et al. 2010b, Geris 2012, Salazar et al. 2012 and Marshall et al. 2014). 

1.1.3 Legislation and policy background 

The main policies and legislation that currently encourage the use of WwNP in FCERM are 
summarised in Figure 1.2.  

WwNP contributes to the Environment Agency’s ambition to develop an integrated 
programme to achieve more environmental benefits with its FCERM activities (Environment 
Agency 2013). This includes:  

 joining up river basin management plans, flood risk management plans, 
shoreline management plans and catchment flood management plans 

 achieving a catchment-based approach 

 providing a unified planning approach to meet the requirements of the Water 
Framework Directive (WFD), Habitats Directive, Floods Directive and Eel 
Regulations 

 

1.1.4 Is WwNP being readily adopted? 

While past flood events and their review have contributed to the development of WwNP as a 
concept for flood risk management, recent flooding has increased its profile further.  

Significant river, coastal and surface water flooding occurred in England and Wales between 
December 2013 and February 2014. WwNP as a way of reducing flood risk featured highly 
in the media.  
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The need to consider alternative forms of flood management, including natural flood 
management and WwNP, was discussed in Parliament (Hartwell-Naguib and Roberts 2014). 

A position statement from the Chartered Institute of Water and Environmental Management 
(CIWEM) on FCERM in light of the winter 2013 t0 2014 floods stated that: 

FCERM should look to work with natural processes to reduce flood and erosion 
risk, benefit the natural environment and reduce costs of schemes (adapted from 
CIWEM 2014).  

There is now a wide range of WwNP schemes globally, with over 300 in the UK. Details of 
some of these UK projects are captured in an online map-based catalogue 
(http://naturalprocesses.jbahosting.com) developed by the JBA Trust and Lancaster 
Environment Centre. Its primary aim is to identify how the long-term performance of the 
measures is being assessed.  

There is considerable momentum for WwNP to be used more widely, become more 
integrated into flood risk management practice and the development of better understanding 
of when its use would be most effective.  

 

Figure 1.2 Main legislative and policy drivers of WwNP in FCERM  

Source: Environment Agency (2014a) 

 

1.1.5 What are the barriers to WwNP? 

There are a number of barriers to WwNP (Environment Agency 2014a). A significant one is 
that, although a catchment’s hydrology can be approximated at many different levels from 
use of the Flood Estimation Handbook to detailed physically based approaches, the models, 

European and domestic 

legislation 

 Birds Directive, 1979 
 CRoW Act, 2000 
 Environment Act, 1995 
 European Eel Regulation, 2007 
 Flood and Water Management Act, 

2010  
 Flood Defence consent legislation, 

various dates 
 Floods Directive, 2007 
 Habitats Directive, 1992 
 NERC Act, 2006 
 Water Framework Directive, 2000 
 Wildlife and Countryside Act, 1981 
 

Other drivers 

 FCERM Strategy England 
 FCERM Strategy Wales 
 Making Space for Nature 
 Making Space for Water 
 Pitt Review 
 WwNP a guidance document 
 WwNP R&D framework 
 

Environmental drivers 

http://naturalprocesses.jbahosting.com/
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data and tools available for modelling this alternative form of FCERM have not been 
benchmarked. This means it can be hard to select tools that help you understand the 
potential benefits of WwNP measures within your catchment.  

Sections 2 and 3 consider the catchment processes which the FCERM community needs to 
understand if it is to develop strong schemes involving WwNP which reduce flood risk. 
These processes are: 

 run-off generation 

 sediment processes 

 in-channel barriers 

 river floodplain barriers 

 diffuse pollution 

The science behind WwNP is discussed in the next section.  

1.2 Scientific context 

This section sets the scientific context for catchment modelling and provides a useful 
background to help understand how to select suitable model(s) for your study. 

1.2.1 Introduction 

 
Based on Equation 1.1, a generalised framework called ‘Risk Assessment for Strategic 
Planning (RASP) was developed for quantifying flood and coastal erosion risks nationally 
(Hall et al. 2003, Environment Agency 2005). RASP considers fluvial and coastal sources of 
flooding and predicts the probability of inundation due to either defence overtopping or 
defence failure. The Environment Agency developed a software package to implement 
RASP called the Modelling and Decision Support Framework (MDSF), now available as 
version 2 (Environment Agency 2013). In parallel, the Flood Hazard Research Centre at 
Middlesex University produced the ‘Multi-Coloured Manual’ which estimates flood damage 
as a function of inundation depth, land use and building type (Penning-Rowsell et al. 2005 
and more recent updates in 2013). 

The RASP and Multi-Coloured Manual approaches help FCERM practitioners to manage 
whole catchment flood risk by considering the distributions of potential flood inundation and 
the severity of impacts. What is important here is that risk depends not only on probability of 
an area being inundated, but also on the numbers of people, properties and vital pieces of 

The UK approach to flood risk management was influenced by the government’s Future 
Flooding Project (Evans et al. 2004a, 2004b). One of its main findings was that, to manage 
flood risk effectively, it is necessary to evaluate and manage the range of probabilities and 
consequences of flooding from different sources. This resulted in a change in focus from 
flood defence and coast protection to the management of risk (Environment Agency 2011). 
Combined with the requirements of the EC Floods Directive, this led to a shift in focus to 
risk management and to the development of tools to better understand the spatial 
distribution of probability and consequences (Equation 1.1), known as the source–pathway–
receptor framework.  

Risk = Probability × Consequence   (1) 
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infrastructure in that area. In managing flood risk (rather than the probability or extent of 
inundation) it is therefore essential to consider how flood risk is distributed across the 
catchment.  

This study draws together a wide range of tools, data and models which can help you 
assess WwNP measures for a wide spectrum of flood events. It focuses on the tools needed 
to assess whole catchment measures that promote WwNP taking a source–pathway–
receptor approach. Being able to visualise the potential benefits of these WwNP measures is 
important because it can help practitioners select the right measure(s) to reduce flood risk at 
the catchment scale (Wilkinson and Quinn 2010, Environment Agency 2012a).  

An integrated portfolio of approaches made up of a variety of FCERM measures is usually 
the most effective way of managing risk within a catchment. This might include the use of 
WwNP measures, conventional engineering infrastructure (for example, flood walls) and 
non-structural measures (for example, better flood warnings, improved preparedness and 
flood proofing buildings). A mix of measures, designed to work together synergistically can 
produce a cumulative reduction in flood risk much greater than that that could be achieved 
by the measures acting individually. However, designing integrated systems of measures 
requires the use of a suite of complementary tools to model and optimise their performance. 

1.2.2 Probabilistic risk assessment 

MDSF2 was used to produce the National Flood Risk Assessment (Environment Agency 
2008), which is used strategically for long-term investment planning. In MDSF2, the ‘source’ 
is the fluvial and coastal flood hazard, the ‘pathway’ is the route by which floodwaters move 
across the landscape (or breaches through a defence asset) and the ‘receptors’ are the 
people and property located in the area at risk of inundation. MDSF2 produces an estimate 
of the resulting damage to flood receptors and is also used to develop a hazard map. The 
damages predicted on the basis of the hazard maps for each simulation are weighted 
according to the probability of that flood hazard actually occurring and the overall risk is 
estimated in terms of Annual Expected Damages for a given future climate/land use 
scenario. 

MDSF2 also allows the economic and social impacts of flooding and coastal erosion to be 
quantified for different scenarios, including present day and future conditions, as well as 
different flood risk management options. Flood damages are derived using the depth 
damage curves in the Multi-Coloured-Manual. MDSF2 helps to identify low and high risk 
areas and apportions risk to assets, allowing vital components in the flood defence system to 
be assessed.  

Appraisal of alternative FCERM options is often based on the analysis of scenarios with and 
without flood defences, combined with modelling the principal modes of asset failure under 
different defence options. This provides a clear understanding of flood risks in defended and 
undefended areas of the floodplain, and permits the use of much more accurate 
hydrodynamic modelling. It also enables model uncertainties to be assessed (Leedal et al. 
2010, Neal et al. 2013, Beven et al. 2014a).  

MDSF2 is a powerful tool and can be used to quantify the flood risks associated with 
probabilistic failures in a system of flood defence assets. However, it does not include all the 
factors known to affect asset performance and fragility. For instance, natural processes such 
as sediment transport are not simulated and the probability of asset failure during multiple 
peaked flood events cannot be modelled. The importance of this omission is illustrated in the 
Brompton case study, where WwNP measures can be adversely affected by double-peaked 
flood hydrographs. Removing these limitations would require development of new 
approaches to simulating spatially and temporally realistic flood ‘event sets’ rather than 
individual flood peaks (Lamb et al. 2010).  
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1.2.3 Probability of asset failure 

MDSF2 uses fragility curves (Figure 1.3) to describe the probability of failure or breaching of 
a flood defence asset depending on the flood levels it experiences (Simm, 2011). 
Generalised fragility curves were developed for a range of asset types and conditions to 
represent the varying performance of defences as they deteriorate. These curves show the 
probability of an asset failing depending on the asset’s condition and flood levels. These 
curves are based on failure mode analyses of standardised structures.  

 

Figure 1.3  Flood defence performance as represented by fragility curves 

Notes: CG = Condition Grade, with 1 indicating best condition 

It is difficult to define fragility curves for WwNP measures compared with conventional 
engineered defences because the same level of detail on their expected engineering 
performance is not available. In addition, WwNP to reduce flood risk can involve installing 
many small measures in a catchment; it is therefore necessary to understand how they all 
perform together to understand their flood risk management benefit and their risk of failure.  

Nonetheless it is still essential to assess the potential for failure of WwNP measures. As with 
conventional engineered defences, WwNP measures reduce flood risk for events less than 
or equal to that which they were designed to attenuate. In addition, WwNP measure might 
fail to work if the measures implemented were damaged by a previous flood and not repaired 
or maintained. Practitioners have already started developing rules of thumb to assess the 
potential for increases in downstream flood hazard due to failure of WwNP measures, but 
there is an urgent need for research to develop methods for quantifying this potential risk. 

1.2.4 Understanding model uncertainty 

When modelling catchment processes it is important to be fully aware of the associated risks 
and uncertainties. Beven et al. (2007) developed a catalogue of approaches to uncertainty 
analysis of complex catchment processes. The subject of different uncertainty estimation 
and classes of approaches in environmental modelling is well documented (Beven 2009).  

A useful technique to help understand model uncertainties is the Generalised Likelihood 
Uncertainty Estimation (GLUE) framework (Beven and Binley 1992,, Beven and Binley 
2014), which has been applied to a wide variety of environmental modelling applications (for 
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examples see Aronica et al. 1998, Beven and Freer 2001a, Hankin et al. 2001, Leedal et al. 
2010, Neal et al. 2013). The Flood Risk Management Research Consortium (FRMRC) 
developed a generic decision tree for use when modelling environmental processes (Beven 
et al. 2007), together with a condition tree approach to the recording and communicating the 
assumptions required to support uncertainty analysis (Beven et al. 2014b). There are now a 
number of tools and software which can apply the GLUE framework to explore how sensitive 
catchment process and flood risk models are to uncertainty in the input data. 

Beven (2009) classified uncertainty estimation techniques in the following categories: 

 Forward uncertainty estimation. This ensures known and/or estimated 
uncertainties in model inputs are represented in model outputs. These 
uncertainties can be associated with the model inputs and/or parameters and are 
most often represented by statistical distributions. 

 Likelihood conditioning. Here model parameters and/or inputs are conditioned 
based on comparison with data. Likelihoods (weightings) can then be assigned 
to different combinations of parameters and inputs. There is a significant 
distinction in methodologies that provide formal likelihoods (Bayesian statistical 
methods) and informal likelihood weightings (for example, the GLUE framework). 

 Data assimilation. This is used for real-time forecasting and is a process where 
a model is run continuously in time to provide forecasts (for example, a 12-hour 
ahead river level) and the model states (internal model variables) and/or 
parameters are updated at each time step depending on the deviation between 
the simulated and observed river levels. 

When selecting model(s) for your study, it is essential to understand any uncertainties and 
risk associated with its use. 

1.2.5 The role of scale in catchment modelling 

Understanding the hydrology of a catchment is complicated, because measurement 
techniques mean it is generally only possible to study detailed catchment processes at point 
or plot scales, while monitoring and management normally take place at the catchment 
scale. When attempting to understand the hydrology of a catchment, approximations about 
the average run-off responses over a catchment are used based on point source 
measurement and this can lead to errors (Beven 1995, Addiscott and Mirza 1998). To 
counter this, models must be calibrated against as long a period of data as possible.  

It is currently possible to show the flood risk benefits of WwNP measures locally (Wilkinson 
et al. 2010b), but it is much more difficult to demonstrate their effectiveness at the large 
catchment scale (Blanc et al. 2012). The FRMRC work at Pontbren (see case study) aimed 
to collect data and develop models to better understand how water moves through the 
catchment and to upscale these models to predict catchment scale effects of land use 
change. The study showed that strategic tree planting could be modelled to show a 30% 
reduction in flood peaks for short duration events and up to 5% for a long duration extreme 
event.  

McIntyre and Thorne (2013) modelled a realistic suite of land use management change in a 
larger catchment and saw only a 2% reduction in the median flood peak during an extreme 
event. This is supported by the research of Archer (2003) and Geris (2012) which showed 
there is still little science that demonstrates that these sorts of measures reduce flood risk in 
catchments greater than 10km2 in size. To make it even more complicated, it is hard to 
transfer model results from one catchment to another because catchments are so different in 
terms of their geology, topography, land use and response to flood conditions. These factors 
also make it hard to upscale a model’s response across a larger catchment. 
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Notwithstanding the difficulties of modelling the effects of WwNP at the large catchment 
scale, scenario modelling using the CAESAR model suggests that implementing WwNP 
measures could counter the adverse effects of climate change. Furthermore, research on 
the River Swale has shown that WwNP is a powerful method for reducing sediment-related 
flood risks downstream in a catchment (Lane, S. and Raven, E., personal communication). 

The scaling of models is necessary to fully understand the wider catchment impacts of 
WwNP measures on flood risk and water quality (Addiscott 1998). For example, not all of the 
diffuse pollutants mobilised in subcatchments will be distributed across the larger catchment 
during heavy rainfall as re-deposition and re-adsorption may take place during transport (de 
Vente et al. 2007).  

When selecting modelling tools for your catchment it is important to understand the issue of 
scale so as to be able to express fully the likely benefits of WwNP measures and any 
uncertainties associated with the modelling approach used.  

1.2.6 Visualising model outputs 

It is also important to develop tools and models that can be used to visually represent the 
risk of flooding and any potential solutions. Model visualisations can be used to engage 
stakeholders and to check the validity of model outputs and scheme options (Maslen and 
Rose 2012, Ghimire et al. 2014Metcla, Metcalfe et al. in press). Figures 1.4 and 1.5 show 
the outputs of a model developed by Newcastle University to visualise the downstream 
impacts of WwNP measures. 

 

Figure 1.4  Relative impact of subcatchments on the flood impacted zone – extract 
from the Flood Impact Model 

Source: Environment Agency Great Ayton flood study project  

Visualisation can help engage with a range of stakeholders in a catchment. For example, in 
Ryedale (Lane et al. 2011), knowledge about flooding was co-produced by scientists and 
local people. Co-production of knowledge is important because it can help counter the 
uncertainties (see above) in catchment process modelling (Beven and Alcock 2012). 
Because model results alone will seldom provide a sufficient base on which to understand 
and make future investment decisions (Landström et al. 2011, Lane et al. 2011), it makes 
sense to develop models in partnership with your main stakeholders. Posthumus et al. 
(2008) and Wilkinson et al. (2013) also used visualisation tools such as FARM tool (see 
Figure 1.6) as an engagement tool to help discuss with land managers the effects of farming 
practices on runoff rates and potential measures to reduce runoff rates at the farm scale. 

 

http://www.sciencedirect.com/science/article/pii/S0378377408000474
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Figure 1.5  Visualising multiple flood risk metrics at different scales using ArcGIS  

 
Figure 1.6    FARM tool on the Ripon project showing land-use impact on runoff rates  

 
Source: Wilkinson et al. 2013 
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1.3 Catchment context 

1.3.1 Introduction 

 

1.3.2 Catchment process flow chart 

Understanding watercourse typology can help you assess the sources, pathways and 
receptors of flooding.  

 

Figure 1.7  Flowchart for identifying geomorphic watercourse types  

Source: Environment Agency (2014b) 

To develop a WwNP scheme requires a good understanding of the catchment within which 
you are working. To do this you need to understand some important factors such as its 
typology (Figure 1.7).  

River types vary across the country and are often a product of geology, slope and human 
intervention. Understanding river typology can help you understand how your catchment 
functions hydrologically and geomorphologically. This is useful in helping you decide where 
best to locate WwNP measures and also to choose the right model to assess their potential 
flood risk benefits. 
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The catchment process flow chart in Figure 1.8 sets out a series of steps which could be 
used to help understand how your catchment works and which tools to use to assess, design 
and implement WwNP options.  
 
Whilst this report is focussed on how to model catchment processes, modelling and data are 
just one step used in developing a plan for a catchment. Figure 1.8 sets out five steps to 
help develop a catchment based plan to reduce flood risk this involves: 

 Talk to people – Undertake a full and inclusive engagement process that facilitates 

knowledge gathering. A wide range of local partners could meet at the location where 

there is problem and commit to solving the flooding issue. Good engagement and a 

simple message that forges a common understanding of the problem and the way 

forward is needed. 

 Understand the problem(s) – Use local knowledge and data help to visualise the flood 

flow pathways and understand their impacts. Any local issues such flood damaged 

properties, culverts, farming and local priorities can quickly be integrated into a plan.  

Simple visual tools and case studies can explore the appetite for where flood 

attenuation features could take place. An estimate of the flood reduction strategies 

and at what likely cost can be discussed. 

 Develop solutions - Depending on the nature of the problem and the types of 

catchment, a mixture of different interventions might be possible to reduce flood risk. 

The team can then simulate different options using models to stimulate debate and agree 

possible solutions. 

 Articulate the benefits - Catchment models or flood impact modelling tools can be 

used to explore a range of options for the catchment. These tools can be used to 

understand the flood risk benefits of a proposal and can help give confidence that the 

plan will achieve good outcomes at reasonable cost.  

 Build, monitor and adapt it – Once the scheme is constructed develop a plan to 

monitor its effectiveness, this will help guide the need for any future maintenance or 

adaptive management which might be needed to ensure the WwNP features perform in 

the long-term. 

The Belford case study followed this approach, highlighting the important role that models and data 
play in developing a catchment plan.   

  

 
The Belford example followed the approach used in Figure 1.8. Local engagement 
champions from a range of organisations used the FARM visualisation tool and google 
earth to talk to the local community and understand the flood problem. A range of datasets 
and tools were used to simulate flood events and develop a suite of options to help reduce 
flood risk. 2 dimensional hydraulic models were used alongside site visits to find suitable 
locations for WwNP measures, and to help design them. A flood impact model was 
developed to understand the impacts of preferred design options, to estimate the cost per 
feature and to set out long-term maintenance requirements.  

 

Belford case study 
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Talk to people 
and convey the 
evidence base  

 Understand the 
problem 

 Develop a 
solution 

 Articulate the 
benefits 

 Build, monitor 
and adapt 

 

 
 

  
 

 

  

 

 

 

 

  

 

Meet local partners: 
 Discuss the 

problem  

 Commit to a 
solution 

 Gather 
knowledge and 
convey evidence 

  Use local 
knowledge  

 Use existing data 
to help visualise 
with partners flow 
pathways and 
impacts 

 Use visualisation 
tools and real 
examples to see 
if WwNP is an 
option 

 

  Develop a suite 
of interventions 
suitable to the 
catchment 

 Run a model to 
simulate these 
options  

 Use the model 
to debate and 
agree a solution 
with partners 

 

  Use the model to 
demonstrate the 
benefits of the 
scheme 

 Prioritise where to 
intervene to 
achieve greatest 
benefits 

 Optimise for 
multiple benefits 

 

  Build the 
features 

 Monitor 
performance 

 Undertake 
adaptive 
management & 
maintenance 

Figure 1.8  Five steps to develop a catchment-based plan 
 
Source: Paul Quinn, Newcastle University 

1. Who 
and why?

2. Where 
and what?

3. How?
4. How 
much?

5. Build it
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1.4 Conclusions and recommendations 

Much of the expense of modelling stems from the need to collect detailed topographic, 
hydrological and hydrometric data with which to calibrate the model. The Environment 
Agency has access to a very large library of detailed one-dimensional (1D) and linked one-
dimensional to 2-dimensional (1D–2D) models for flood risk mapping and forecasting. 

Although many models have been built and calibrated to provide inundation outlines for 
particular extreme events, most models have also been adapted to enable continuous 
simulation which can be more appropriate for assessment of whole catchment processes. 
An important starting point for any modelling study is to assess what models already exist 
and which tools are readily available, and assess how these might be adapted for use in the 
new study. The main river modelling packages – Flood Modeller, HEC-RAS (US Army Corp 
of Engineers Hydrologic Engineering Center's River Analysis System) and MIKE 11 – all 
have sediment and water quality modules, so the first consideration when starting to model 
wider catchment processes should be to obtain an understanding of what additional data are 
required to drive these extra modules. When starting to develop a catchment wide plan it is 
important to be mindful that data and models are only one tool to help develop a solution 
and that they need to form part of a wider approach to developing a catchment plan (see 
Figure 1.8). 

This chapter has provided the scientific context behind catchment modelling. Chapter 2 
describes Step 1 of the model selection process (Figure 1.8). It will introduce you to the 
model library, so that once you understand your catchment’s context, you can move on to 
select suitable tools and models to assess the benefits of your planned interventions.  

Step 1 Step 2 Step 3 

Use the model library to 
choose model(s) 

Read Chapter 3 to 
understand the model(s) 

Read case studies  

 

 

Figure 1.8  Moving on to Step 1 in the model selection process 
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2 Choosing suitable 
models 

A large number of data, tools and models are available to 
help you understand the processes operating in your 
catchment. These can be used to help you plan and develop 
a WwNP scheme. 
 
 

 

Step 1 Step 2 Step 3 

Use the model library to 
choose model(s) 

Read Chapter 3 to 
understand the model(s) 

Read case studies  

 

Figure 2.1  Three steps to help choose a suitable model 

 
 

1

•Introduction  and 
overview

2
•Choosing a model

3
•Model summary

4
•Conclusions

This chapter explains how to use the model library to help select the right model for the job in 
hand. The model library was compiled through a literature review, an expert workshop and the 
experience of the project team.  

The model library should be used in conjunction with Chapter 3, which gives the details 
behind some of the models. The 20 case studies provide real examples where some of these 
models have been used.  

Figure 2.1 presents a 3-step process for choosing suitable models, data and tools. 
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2.1 Choosing model(s) from the model library  

2.1.1 Introduction 

 

2.1.2 Using the model library 

The model library is an Excel spreadsheet tool. When using it, make sure macros are 
enabled to ensure its full functionality is available. 

When you open the spreadsheet you will be taken to a tool selector (Figure 2.2) which 
allows you to access and search the model library. Based on your chosen filters the tool will 
retrieve for you the models, data and tools most relevant to your study. For example, you 
can select:  

 the level of sophistication you want 

 catchment processes you are interested in 

 whether you need open source data 

 

Figure 2.2  Screenshot of tool selector entry page 

Clicking the ‘Retrieve Tools’ button (Figure 2.2) will take you to the tool library where all the 
models, data and tools relevant to your study, as selected by your chosen filters, will be 
displayed. You can also view all the models, data and tools using the Master Table (Tab 2). 

The entry for each tool defines:  

 main catchment processes the tool models 

 scale of application 

SC120015 Catchment Processes Tool Library

How to model & map wider catchment processes when flood risk management planning

A Choose level of sophistication: All levels

B

C Do you need open source data / non proprietary software? Either

C Retrieve Tools for your selected filters

Count of Selected Tools: 95

0. All Processes

Please Select Process / s

Retrieve Tools

To develop a successful WwNP scheme requires a good understanding of the catchment 
within which you are working. The model library can help you define the sorts of data, tools 
and model you could use to understand how your catchment works.  
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 level of complexity 

 strengths and weaknesses of the approach 

 data limitations 

 usability 

 accuracy 

 costs 

 availability 

 references to further information  

 links to case studies illustrating its use in practice.  

Figure 2.3 shows the entry for the tool called ‘Fluvial Audit’. 

The Excel format makes it easy for users to search for and identify tools of different types. 
The user can then refine the set of tools by changing the filters and re-running the search.  

Tool Fluvial Audit ID 8 

Processes Understanding wider catchment 
processes 

Process 
IDs 

23456 

Description Fluvial audit is a very powerful tool in understanding catchment wide 
processes (as it considers both the channel and floodplain) and can 
be used to infer other mapping and modelling information. It is a 
method to capture and identify river and floodplain processes and 
forms at all temporal scales and involves a site/catchment walkover 
as well as a desktop assessment (utilising some of the data listed 
above). Included within this would be able to identify dominant 
sediment sources, sinks and transport pathways at the catchment 
and local scale. It allows a qualitative model of system functioning to 
be produced that can be used to describe system response over 
time and to imposed changes (such as flood mitigation measures). 

Strengths Considers 
channel and 
floodplain 

Weaknesses Qualitative 

Data 
requirements/issues 

Cost of 
fieldwork 

Key case 
studies 

River Irwell and Roch  
Ribble 

Typology 
dependencies 

Y Ecosystem 
services/goods 

Y 

Web address  Open source? Y Citations McIntyre 
and 
Thorne, 
2012 

Figure 2.3 Example entry from the model library  

2.2 Conclusions and recommendations 

This chapter presents a 3-step process to help you select appropriate models tools and data 
(Figure 2.1). The chapter explains Step 1 and how you can use the model library to help 
narrow the range of appropriate tools. 
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Depending on the budget and scale of the scheme, different levels of modelling can be 
performed. It is recognised that model choice may be influenced by: 

 what existing models are available  

 the resources available to modify the model such that it can be used to model 
the desired catchment process 

Chapter 3 describes Step 2 of the model selection process (Figure 2.4). It provides details of 
important data, tools and models and is a useful resource which should be used in 
conjunction with the model library and the case study examples (Step 3). 
 

Step 1 Step 2 Step 3 

Use the model library to 
choose model(s) 

Read Chapter 3 to 
understand the model(s) 

Read case studies  

 

Figure 2.4  Moving on to Step 2 in the model selection process 
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3 Data, tools and models 
Developing a scheme to reduce flood risk or improve water 
quality requires a detailed understanding of the river 
catchment. Step 1 (set out in Chapter 2) is designed to help 
you choose from the model library the models, tools or data 
most suitable for your project. This chapter sets out Step 2 of 
the 3-step process for choosing suitable models, data and 
tools (Figure 3.1). It discusses in more detail the range of 
data, tools and models you could use to help assess a range 
of catchment processes. 

 

Step 1 Step 2 Step 3 

Use the model library to 
choose model(s) 

Read Chapter 3 to 
understand the model(s) 

Read case studies  

 

Figure 3.1  Three steps to help choose a suitable model 

 
 

1

•Introduction  and 
overview

2
•Choosing a model

3
•Model summary

4
•Conclusions

This chapter begins by describing datasets that can help you understand a catchment’s 
characteristics. It then considers: 

 run-off generation 

 sediment processes 

 in-channel barriers 

 river floodplain barriers 

 diffuse pollution 

This chapter should be used in conjunction with the case studies and model library.  
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3.1 Catchment wide data, tools and models 

3.1.1 Introduction 

3.1.2 Datasets 

A catchment’s characteristics control the hydrologic response of the landscape to rainfall and 
influence the nature of the drainage network and downstream flood risks. Table 3.1 gives 
details of existing datasets that can be analysed to determine a catchment’s characteristics. 

Table 3.1 Datasets for use in catchment-wide assessment models  

Dataset type Dataset description 

FEH catchment 
descriptors 

These are a range of descriptors on a 50m grid of the UK that reflect 
physical characteristics and catchment typology such as:  

 average flow path length 

 average slope 

 annual average rainfall 

 percentage run-off 

 Base Flow Index (BFI) 

 urban extent  

Data from the Flood Estimation Handbook (FEH) (Institute of 
Hydrology 1999) can be queried for these descriptors averaged over 
catchments with drainage areas down to a minimum of approximately 
0.5km2. The FEH also links hydrological catchment characteristics, 
such as time-to-peak (Tp) run-off, to these descriptors using empirical 
equations.  

Catchment 
baseline surveys 
and fluvial audits 

These enable hydrological and geomorphic processes and problems 
in the project reach to be understood within a wider, catchment 
context. These datasets will define the river type and explain the 
basis for the typology used including parameters such as channel 
gradient, stream power, and energy and general system 
dynamics/stability (for example, mapping of reaches as sediment 
sources, transfers, exchanges and sinks).  

The main outputs of a fluvial audit are: 

 historical events and changes that produced significant 
hydrologic or geomorphic responses 

 potentially destabilising phenomena capable of triggering 

To develop a successful WwNP scheme requires a good understanding of the catchment 
within which you are working (for example, soil condition, land use management, vegetation 
cover (especially trees), drainage pathways/patterns and other features in the landscape). A 
wide range of data sources are available to enable you to do this. The information obtained 
will help you understand the causes of flooding and water quality problems in the catchment 
and then develop measures which tackle the issues at source.  
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Dataset type Dataset description 

changes in future  

River Habitat 
Survey (RHS) 

An RHS is conducted for a 500m stretch of watercourse and provides 
detailed written and photographic records of: 

 channel form 

 natural morphological features 

 anthropomorphic modifications to channel form and features 

 in-channel plus riparian habitats  

RHS records are analysed to produce: 

 a Habitat Quality Assessment that indicates the range and quality 
of habitats the reach provides 

 a Habitat Modification Score which defines the extent to which 
habitat in the reach has been degraded by channel engineering 
and/or maintenance 

RHS records and other available desktop information (for example, 
historical aerial imagery or maps) can be used to infer catchment 
characteristics and river type. 

Historical maps, 
photographs, 
accounts and 
pictures 

These form a useful resource that can be used to identify how a 
system has changed over time.  

Flow records The Environment Agency holds an extensive network of gauged data 
for many main rivers in England and Wales that provide records of 
daily flow data often stretching back many years. These data have 
been compiled into the National River Flows Archive which collates, 
quality controls and archives hydrometric data from gauging station 
networks across the UK. Analysis of these data can identify system 
flashiness and potential flow energy/dynamics.  

3.1.3 Data analysis tools 

Table 3.2 provides details of tools that can be used to analyse existing datasets to build a 
picture of catchment and drainage system characteristics and their susceptibility to change. 

Table 3.2  Data analysis tools for catchment-wide assessment 

Type of data analysis tool  Data analysis tool description 

River typologies UK rivers have been assessed using several river typologies 
which can help understand hydrology and geomorphological 
forms and processes. The insights gained can be applied to 
existing catchment knowledge and data to help define river 
and/or catchment characteristics and sensitivities to change 
(see, for example, the Tarland Burn case study).  

Analysis of a Digital A wide range of geographical information system (GIS) 
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Type of data analysis tool  Data analysis tool description 

Elevation Model (DEM) or 
Digital Terrain Model (DTM) 

spatial analysis toolsets are available for characterising 
hydrologic sinks, slope, connectivity, flow paths and 
hydrological watersheds.  

Light detection and 
ranging (LiDAR) based 
analysis tools 

LiDAR-based tools can be used to characterise 
hydromorphological conditions and processes at a 
catchment scale. This includes planform change, bed slope 
calculation, degree of bank erosion/deposition, floodplain 
type and extent. 

Historical maps, aerial and 
ground-based imagery and 
flow records 

These can be used to carry out a historic trend analysis to 
build a timeline of system change. This yields insights into 
system dynamics, energy levels and the potential for change 
over time or in response to disturbance/intervention. 

Stream power This is a measure of the time rate at which a river can do 
geomorphological work in forming and altering its channel. 
Reach-specific levels of stream power, and the way they 
change with distance downstream in the drainage network, 
can be interpreted and compared with published thresholds 
to determine the potential for erosion, deposition and 
resultant channel instability (Brookes and Wishart 2006).  

3.1.4 Key findings from the case studies 

The Brompton, Clwyd, Eden, Elwy, Pontbren, Tarland Burn, Thames Headwaters and Wyre 
case studies all used detailed catchment system information. A summary of the Brompton 
case study is given below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Dynamic TOPMODEL (Metcalfe et al. 2015) was used to investigate the impact on 
catchment characteristics of WwNP by installing 3 sets of 20 online ‘leaky dams’. With 60 
permeable structures, the maximum flood storage was around 65,000m³; for a single 
peaked, ‘design flood’ of moderate magnitude, run-off was reduced by up to 0.38mm per 
hour and the time-to-peak discharge was increased by up to 45 minutes. It was concluded 
that this might be sufficient to reduce flooding during moderate events. However, when the 
model was used to simulate a real event from 2012, it was found that the leaky dams would 
have been inadequate to prevent flooding. This was because, although similar in magnitude 
to the ‘design event’, the real event had a double peaked hydrograph.  

Modelling the real, double peak event highlighted that storage provided by the leaky dams 
was not always able to recover from the first flood peak before the second flood peak 
arrived, so careful design is required. This case study demonstrates that just that modelling 
an idealised design event may miss an important run-off feature resulting from 
characteristics specific to the catchment. This highlights the significance of accurately 
representing catchment characteristics, and changes therein. 

Brompton case study 
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3.2 Run-off assessment data, tools and models 

3.2.1 Introduction 

 

 

Figure 3.1  Run-off generation process 

Modelling at the catchment scale involves a combination of: 

 Run-off-generation modelling to predict the response to rainfall 

 Hydraulic or routing models to predict how the run-off is conveyed 
downstream and combined when, for example, tributaries come together 

How the land is used and managed influences run-off generation. A large number of tools 
(described below) are available to model both these aspects of catchment hydrology. Note 
that when using hydrological and catchment models, previous detailed investigations by 
Defra and the Environment Agency into the impacts of climate change on flood flows at a 
regional scale should also be considered (Crooks et al. 2010). 

Run-off and water movement around the catchment is significantly influenced by pathways 
such as subsurface drainage and macropores which can transport water and contaminants 
at orders of magnitude faster than if the subsurface is a homogeneous porous medium 
(Beven 2006a, Beven 2012, Beven and Germann 2013). Flood hydrographs are also 
controlled by flood wave speed which, in both surface and subsurface flow pathways, can be 
significantly faster than water velocities. Flood hydrographs may comprise water stored in 

Hydrologists need to understand the movement and distribution of water within a 
catchment. This helps them to understand the sources, pathways and receptors of 
flooding. 

Water enters rivers by flowing over land, through groundwater pathways and by draining 
through soils. This flow is measured in watercourses using a gauge.  

Where, when and how run-off is generated depends on a range of factors such as the 
physical landscape, the river network, land use, underlying soil types, geology and 
previous rainfall. Run-off can be difficult to predict because it is generated by many 
surface and subsurface flow pathways that cannot be seen or measured (Figure 3.1).  

This section describes a range of tools and models, providing an overview of flow 
estimation techniques. 
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the catchment prior to an event and water displaced from storage by rainfall during that 
event (McDonnell and Beven 2014).  

To calculate the downstream impacts of a land use management change, scenario 
modelling of current and future scenarios is required using a calibrated model. If measures 
such as soil de-compaction are proposed then the run-off modelling must be able to simulate 
the change to the system in terms of the physical process (for example, increased 
infiltration) and spatially so the distributed impacts can be assessed.  

It is useful to differentiate the patterns of surface and subsurface run-off generation in a 
catchment from the routing of that run-off to the point of interest such as a gauging station or 
area at risk of flooding. Both aspects are subject to a significant lack of knowledge and 
uncertainties, so that the application of models of the processes is often associated with the 
local calibration of parameters where calibration data are available.  

Calibration is used to compensate for lack of knowledge and the lack of a theory for scale-
dependent run-off process representations (Beven 2006a). This has led to a variety of 
hydrological techniques such as: 

 stormflow–baseflow separation 

 the use of hydrological response units to combine similar run-off responses for 
parts of the catchment, typically using similar soil, land use and slope 
characteristics (see, for example, the use of the Soil and Water Assessment Tool 
reported in the Eden case study)  

For a full description of the range of hydrological models and calibration techniques see 
Beven (2012) and Shaw et al. (2010). 

Although rainfall monitoring and records are widely available in the UK, flow monitoring 
records to calibrate models and test assumptions are less so (Shaw et al. 2010). The 
majority of UK rainfall records are in daily time steps whereas flood run-off models require 
hourly resolution or better. Despite advances in ultrasonic low intrusiveness flow gauging, 
this can still be difficult, especially in gauging low flow headwater streams. Rainfall 
measurement and interpolation errors, and rating curve uncertainties, mean that datasets 
used for modelling will contain inherent uncertainties (Beven 2006b, McMillan et al. 2010, 
McMillan et al. 2012, Beven and Smith 2015).  

3.2.2 Datasets 

The Environment Agency holds an extensive network of gauged flow data for many rivers in 
England and Wales that provide records of daily flow data. These data now form the 
National River Flows Archive. Table 3.3 lists other datasets that can be of use when 
developing a run-off model. 

The majority of point rainfall measurements are gathered at either daily or monthly time 
steps. The daily data are collected by a network of volunteers and some rain gauges have 
records that extend as far back as the 1800s. There are an increasing number of 15 minute 
time step rain gauges, which are managed by the Environment Agency and Natural 
Resources Wales. These are vital for flood forecasting models and provide high resolution 
data.  

Rainfall radar, managed by the Met Office, provides a UK-wide spatial rainfall dataset, 
allowing users to spatially understand rainfall dynamics. When used with point 
measurements, these datasets can be usefully included in catchment models. The Natural 
Environment Research Council (NERC) also holds data which can be downloaded via the 
British Atmospheric Data Centre. 
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Table 3.3  Datasets needed for run-off generation models  

Dataset type Dataset description 

Evapotranspiration data For example, the Met Office Rainfall and Evapotranspiration 
Calculation System (MORECS) and the Met Office Surfaces 
Exchange Scheme (MOSES) 

Needed in continuous simulation run-off models. 

Soil moisture data  See the new Centre for Ecology and Hydrology (CEH) 
COSMOS-UK network (http://cosmos.ceh.ac.uk). 

Flow data For model calibration and validation, or for monitoring 
change 

FEH descriptors See FEH methods for estimating floods in ungauged basins, 
including: 

 SPRHOST (Standard Percentage Run-off – Hydrology of 
Soil Types) 

 BFIHOST (Base Flow Index – Hydrology of Soil Types)  

DEM Based on: 

 synthetic aperture radar (SAR) data such as NEXTmap® 
Britain  

 LiDAR data 

 photogrammetry from unmanned aerial vehicles (UAVs) 

DEM or bare-earth models Where trees and other vegetation have been digitally 
removed 

Edited DTMs Where gaps have been edited through bridges to ensure 
hydrological connectivity 

Soil datasets  National Soils Resources Institute (NSRI)/National Soil 
Map of England and Wales (NATMAP) 

 Hydrology of Soil Types (HOST) 

 Grid-2-Grid database of parameters 

Land cover  European Union’s CORINE (CoORdination of INformation 
on the Environment) land cover database 

 CEH’s Land Cover Map 2007 (LCM2007) 

3.2.3 Data analysis tools 

Table 3.4 lists some of the wide range of tools is available to help analyse run-off data. 

Table 3.4  Tools for analysing run-off generation data 

Type of data analysis tool  Data analysis tool description 

Rainfall spatial interpolation Such as Thiessen polygons, kriging, inverse distance 

http://cosmos.ceh.ac.uk/
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Type of data analysis tool  Data analysis tool description 

methods weights, double mass plots to check for quality and 
consistency  

Discharges Rating curve uncertainties, standard interpolation and 
infilling methods (see National River Flows Archive) 

Mass balance checks  

GIS tools for a variety of 
analyses (for example, ArcGIS, 
MapInfo, SAGA-GIS, R)  

 Computation of sinks (depressions) in a DTM  

 Computation of DTM slope 

 flow direction grid for a sink-filled DTM 

 Watershed definition  

 Path distance length tools 

 Topographic index 

 Stream network identification  

 Editing tools for burning in stream definition 

3.2.4 National tools 

Table 3.5 gives details of the range of tools that can be used at a national level to help 
understand run-off production and areas more susceptible to surface water flooding.  

Techniques for estimating run-off production based on catchment descriptors have been 
widely used for flood risk assessments at different levels. The FEH (Institute of Hydrology 
1999) provides a method of generating the catchment descriptors and rainfall parameters 
necessary for estimating run-off based on a 50m resolution grid of data that includes 
important parameters from percentage run-off to the BFI and average channel length and 
slope. These are used with standard methods to compute estimates of, for instance, Tp (that 
is, the average lag between centre of mass of rainfall and river flow, or the average time 
between event rain falling and flows reaching the pour-point of a catchment).   

Table 3.5  National tools for use in modelling run-off generation 

National tool name National tool description 

Flood Impact Model Tool This tool allows multiple sub-catchments to be simulated 
together and to test the impact of the local flow arising 
from a sub-catchment on the larger downstream 
catchment outfall. This allows the issue of flood 
synchronisation to be studied and allows a range of sub-
catchment flood management impacts to be propagated 
downstream. 

Continuous Estimation of 
River Flows (CERF) model 

Series of linear stores representing aggregated stores of 
soil moisture, groundwater and run-off are calibrated 
against flow data. In the Clwyd case study, components 
of the model were switched off to emulate ditch blocking. National Grid-2-Grid model 

Updated Flood Map for Incorporates the ReFH run-off model to reflect local and 
antecedent conditions. The map was generated using the 
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National tool name National tool description 

Surface Water  blanket rainfall approach such that the effective run-off 
produced for a suite of summer rainfall events (with 
different return periods and durations) was then routed in 
2D over a 2m DTM (made up of LiDAR and NEXTmap 
Britain). 2D routing was achieved using the graphics 
processing unit enhanced 2D shallow water equation 
solver, JFLOW (Lamb et al. 2009); peak flow depths, 
velocities and hazard ratings were stored throughout each 
event. The end product, is a merged depth grid across 3 
durations (1, 3 and 6 hours), representing the worst 
flooding for any of these durations.  

Revitalised Flood Hydrograph 
(ReFH) rainfall run-off model 

Calculates the soil moisture capacity throughout an event 
which affects the percentage run-off. Maximum soil 
moisture capacity is computed based on the catchment 
descriptors, PROPWET and BFIHOST, which can be 
modified to simulate the effect of different WwNP 
measures.  

PROPWET (proportion of time 
when the soil moisture deficit 
was <6mm, that is, the 
catchment is saturated) 

PROPWET can be used to look at the effects of changes 
in land use in a catchment. These changes can be 
represented in ReFH and the impacts on run-off response 
modelled. If this is combined with a 2D overland routing 
model (for example, LISFLOOD, MIKE 21, Flood 
Modeller, JFLOW or TUFLOW) the changes in storage 
volume can be explored.  

3.2.5 Local tools 

Table 3.6 gives details of the variety of tools which can be used at a local level (catchment or 
subcatchment) to model run-off. 

Table 3.6  Local tools for use in modelling run-off generation 

Local tool name Local tool description 

Probability Distributed Soil 
Moisture (PDM), North 
American Mesoscale (NAM), 
Catchmod 

Used as flood forecasting models, but also to model 
WwNP measures.  

In the Holnicote case study, maximum soil moisture 
storage was increased to better reflect land management 
and the impact of changes in land management on run-off 
generation.  

Dynamic TOPMODEL Models such as Dynamic TOPMODEL (used in the 
Brompton case study) and semi-distributed models such 
as SWAT require delineation of hydrological response 
units. The user combines different datasets and overlays 
classes of variables such as example, soil type, land 
cover, upslope contributing area, aspect and slope angle. 
There are processing tools to undertake this 
classification, such as ArcSWAT, which sequentially 
classifies subcatchments using soils, land cover and 
slope for the SWAT model. 

Soil and Water Assessment 
Tool (SWAT) model 
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Local tool name Local tool description 

Dynamic TOPMODEL is flexible in how it defines its 
calculation units. It also allows for surface and subsurface 
flows to be routed downslope to account for topographic 
convergence and divergence on run-off contributing areas 
(Beven and Freer 2001b, Beven 2012).  

MIKE SHE A detailed physical process based model with integrated 
surface/subsurface modelling  

In the Glaven case study, a detailed model incorporating 
integrated groundwater/river interactions was developed 
(Clilverd et al. 2015). The model could be used to look at 
potential improvements in habitat dues to changes to the 
water table.  

HYPE (HYdrological 
Predictions for the 
Environment) and Integrated 
Catchment Model (INCA) 
suite, INCA-P and INCA-N 

HYPE software (see the Eden case study), uses a 
combination of soils and land classes without slope 
(although this could be used), whereas INCA-P and 
INCA-N use land cover data only on the assumption that 
this reflects the soil types (Flynn et al. 2002, Whitehead et 
al. 2007).  

Grid-2-Grid This raster grid conceptual modelling framework uses a 
version of the probability distributed model in each grid 
square (Bell and Moore 1998a, Bell and Moore 1998b, 
Bell et al. 2009). It is used operationally to make national 
predictions of flood run-off at 5km and 1km resolutions.  

SHETRAN Fully distributed models such as SHETRAN (Ewen et al. 
2000, Birkenshaw et al. 2010) allow detailed catchment 
processes to be defined in a model. These models have a 
large number of parameters which allow the models to fit 
under test situations, but can lead to significant 
uncertainties when used for model predictions (see, for 
example, Vázquez et al. 2009).  

3.2.6 Key findings from the case studies 

Several of the case studies modelled run-off generation including Belford, Brompton, Clwyd, 
Eden, Elwy, Glaven, Holnicote, Pontbren and Thames Headwaters. Summaries of the key 
findings from the Pontbren example are given below.  

 

 

 

 

 

 
The original Pontbren project was set up when farmers noticed that tree planting seemed 
to reduce run-off during storm events. The FRMRC project aimed to improve the 
modelling and understanding of how land use changes affect run-off processes.  

The study showed that strategic tree and hedgerow planting has the potential to reduce 
peak flows in upper catchments and thus reduce the need for downstream flood 
defences.  

Pontbren case study 
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3.3 Sediment assessment data, tools and models 

3.3.1 Introduction 

 
It is estimated that three-quarters of sediment in rivers comes from agricultural activity. High 
quantities of sediment deposition can alter river channels by raising bed elevation and 
reducing width and flood conveyance. It can take many years for sediment in the upper 
reaches of a river to be transported out to sea, or stored long term in the floodplain, as a 
result of the infrequency of geomorphologically effective flows in many of the UK’s river 
systems. However, datasets, publications, tools and science are available to assist in 
predicting and quantifying sediment sources, pathways and receptors for the different 
fractions that include bedload and suspended loads.  

Soil erosion, considered the most important source of fine sediment production, has 
intensified as a result of changes to agricultural practices and land cover (for example, 
deforestation). Compaction of soil, downhill tillage and the clearance of vegetated areas, 
such as wetlands and woodlands, are examples of factors that can contribute to the 
increased generation of surface run-off (Beven et al. 2008a). WwNP measures have been 
developed on the premise that these trends need to be reversed.  

An important compilation of methods for accounting for sediments in relation to flood risk in 
the UK was developed into an FRMRC toolbox (Wallerstein 2006, Thorne et al. 2010). There 
were 2 arguments for this work. The first was that there were insufficient UK datasets on 
sediments to use a detailed US–UK model – the HEC-RAS/Sediment Impact Analysis 
Methods (SIAM) model – throughout. The second was that there were a wide range of 
community requirements. Hence there was a need to develop simple sediment assessment 
tools while improving existing tools and models that quantify sediment continuity in the river 
system to identify which reaches act as: 

 sources (degradational reaches) 

 pathways (transportation reaches) 

 exchanges (inputs and outputs are balanced, but sediment is exchanged 
between transport and storage) 

 sinks (aggradational reaches plus floodplains that are connected to river 
channels) in the sediment transfer system  

A fluvial audit is an important tool that is often used in river restoration. This detailed 
geomorphological assessment of a river/watercourse and its associated catchment records 
both qualitative and some quantitative information about the river form and processes. It also 
identifies pressures on the river system that are causing geomorphological issues. This 
leads to the identification of measures to improve the conditions of the river/waterbody. 

Sediments can originate from surface and subsurface erosion of hillslopes and valley 
floors from processes such as overland flow, gullying and erosion of channel banks. The 
processes responsible for the transport of sediment through a river system out to sea are 
complex (see Figure 3.2) and depend on the intrinsic characteristics of the catchment 
and river in question.  

The Pontbren case study provided evidence that the sediment transfer system can affect 
flood risk more significantly than the run-off system (McIntyre and Thorne 2013) and 
hence the importance of sediment models.  

 



 

 36 

 

The Scottish Environment Protection Agency (SEPA) uses the reduced complexity, sediment 
transfer model ST:REAM (Parker et al. 2015) to produce catchment-scale sediment risk 
maps. These are based on division of the fluvial system into reaches that are classified 
(using NEXTmap, LiDAR and synthetic hydrology) as being dominated by erosion, 
deposition or in ‘dynamic equilibrium’ based on application of the Bagnold (stream power) 
bedload equation and an assessment of the balance between local transport capacity and 
sediment supply from upstream. 

 

Figure 3.2  Sediment movement in and through the fluvial system  

Source: Knighton (1998) 

3.3.2 Datasets 

Catchment sediment yield and sediment inputs into rivers come from surface and subsurface 
erosion of hillslopes and valley floors by processes such as overland flow, gullying and 
erosion of channel banks (Knighton 1998). In general, upper catchment areas will be 
erosion-dominated due to the steep gradients and strong connectivity of the river with 
surrounding hill slopes. This supplies the sediment that is transported to middle reaches 
dominated by the exchange of sediment supplied from upstream sources with that stored in 
bars, islands, floodplains and alluvial fans. In the lower course of the river, sediment storage 
increases due to the generally lower bed slopes, but the supply of sediment from bank 
erosion remains important for the overall sediment load due to lateral shifting of the channel 
across the flood or coastal plain.  

The dominant sediment sources include those identified in Figure 3.3 to Figure 3.6. Field 
photographs and remotely sensed images are a valuable tool when considering erosion risk, 
in that they help to identify sediment sources and explain the processes responsible.  

The transport and movement of sediment through a fluvial system can be measured, 
monitored or modelled. Sinks, such as lakes, floodplains, fans, and estuaries can also be 
analysed to generate long-term sedimentation rate, which can also demonstrate how 
sensitive UK river systems are to land use and climate changes.  
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There are few national datasets available that provide information relating to the movement 
and storage of sediment in fluvial systems. Table 3.7 provides details of datasets available to 
assess sediment sources, pathways and sinks.  

 

  

Figure 3.3  Hillslopes and valleys 
(Google Earth) 

Figure 3.4  Stored sediment in the 
floodplain (Google Earth) 

  

Figure 3.5  River sources: hillslopes, channel bars and stream banks 

  

Figure 3.6  Fine sediment inputs from agricultural and urban run-off 

Table 3.7 Datasets used in modelling sediment processes 
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Type of dataset Dataset description 

Aerial imagery Aerial images can often help to identify hillslope 
slumping/failure and sinks such as sediment stored on bars or 
in the floodplain. 

British Geological Survey 
(BGS) solid and 
superficial geology maps 

Useful for finding out the distribution of glacial, meltwater and 
alluvial sediment deposits. Rock type is a crucial control on 
the erodibility of a catchment and the grain size of material.  

DEMs  Channel and floodplain change over time mapped 

 Channel and floodplain long-stream and lateral connectivity 

 Obstructions to sediment transport  

 Floodplain depression storage 

 Riparian zone condition and extent 

Fluvial audits Detailed source of information on a catchment’s dominant 
sediment processes.  

Fluvial audits and photos Information on sediment processes, transport and rates.  

Land use and coverage 
datasets  

Provide indications of likely type of sediment delivered to a 
river (for example, LCM2007 and CORINE) 

LiDAR  Provides information on the frequency and size of sediment 
features within river systems . 

ST:REAM (Sediment 
Transport: Reach 
Equilibrium Assessment 
Method) 

Catchment maps to derive reach-based classification for 
reaches that are dominated by erosion or deposition or in 
‘dynamic equilibrium’ based on a stream power  

Stream power tool Assess stream power in catchment. 

UAVs  Improved resolution aerial imagery to identify sediment 
sources at a range of scales.  

3.3.3 Data analysis tools 

Table 3.8 gives details of the tools available to help analyse sediment data. 

Table 3.8  Tools for analysis of sediment processes  

Type of data analysis tool  Data analysis tool description 

DTM Bed slope can be estimated from the slope of a DTM.  

Hjulström curve Much can be interpreted from data analysis using the classic 
Hjulström curve (Error! Reference source not found.3.7), 
though it has been shown to be inaccurate in assessing 
sediment grain size and velocity. 

LiDAR Can be used to determine the hydromorphological condition 
and processes operating within a catchment: 
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Type of data analysis tool  Data analysis tool description 

 Segmenting the watercourse and floodplain 

 Channel-floodplain connectivity – height difference 
between average channel elevation and local floodplain 
segment 

 In-channel obstructions – detection of vertical drop in the 
long profile 

 Embankment delineation – moving window local elevation 
difference algorithm 

 Floodplain extent – algorithm to determine extent from 
topographic flatness index 

 Planform change – difference between old and new 
LiDAR datasets 

 Riparian margin – categorisation of LiDAR Digital Surface 
Model within the riparian zone 

River typology Slope can be linked to sediment load to determine river 
typology (Figure 3.8). Scale-independent diagrams have 
been derived linking planform pattern to channel type.  

Stream power Can be interpreted and compared with published thresholds 
to determine the potential for erosion and transport of 
various classes of sediment given in Table 3.9. Variances 
published across a range of studies have highlighted the 
importance of local controls when defining the potential for 
erosion and transport of sediment.  

 

 

 

Figure 3.7  Hjulström curve 
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Figure 3.8  Example of slope and sediment load to determine basic river typology 

Source: Schumm and Khan (1972) 

Table 3.9  Stream power thresholds for movement of sediment  

Size group Bed stable Bed unstable 

 Median stream 
power (Wm-2) 

Range of stream 
power (Wm-2) 

Median stream 
power (Wm-2) 

Range of stream 
power (Wm-2) 

Silt 47.5 13.8–81.1 37.8 8–105 

Gravel 107 12–1766 73.3 4–489.6 

Gravel/cobble 135.6 58.8–269.1 78.8 57.7–482 

Cobble No data No data 142 7.2–427 

 
Source: Environment Agency (1999) 

3.3.4 National tools 

Table 3.10 describes national tools available for assessing sediment. 

Table 3.10  National tools for assessing sediment processes 

National tool name National tool description 

Aerial imagery  
(for example, Google Earth, 
Ordnance Survey (OS), Bing 
Mapping, Environment 
Agency’s detailed aerial 
imagery database, RHS and 
UAV technology) 

Can be used to identify numerous processes: 

 Significant areas of erosion and deposition within the 
river channel and floodplain 

 Broad sediment types – it is sometimes possible, 
dependent on quality, to determine whether a reach is 
general bedrock, cobble, gravel or fine sediment 
dominated 

 Catchment-wide sediment sources such as valley 
sides, scree slopes and hill slopes 

 Hydraulic habitat (biotopes) within the channel, though 
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National tool name National tool description 

this is heavily dependent on image resolution and 
scale 

 Structure and condition of the riparian zone 

 Channel change over time where historic datasets 
exist and can be compared with current land use 
changes over time 

Combining high resolution 
outputs for velocities from 2D 
inundation models 
(for example, CAESAR-
Lisflood, JFLOW, TUFLOW 
and HEC-RAS-2D)  

JFLOW, a 2D hydrodynamic model (Lamb et al. 2009), 
has been adapted to allow representation of detailed 
bathymetry data within the river in combination with 
floodplain data to delineate downstream and cross-stream 
shear stress variability. This allows estimates of current 
erosion, transport and deposition trends as well as 
responses to various WwNP or restoration measures. The 
approach requires detailed topographic data, is depth-
averaged and ignores turbulence (should be considered 
when interpreting outputs). 

3.3.5 Local tools 

Table 3.11 describes local tools for assessing sediment. 

Table 3.11  Local tools for assessing sediment processes 

Local tool name Local tool description 

CAESAR-Lisflood This 2D–2D hill slope, flow and sediment transport model can 
simulate morphological changes in river catchments and 
reaches, with potential to simulate thousands of years of data 
(McIntyre and Thorne 2013). It was used in the Pontbren case 
study to predict how sediment yields change under a variety of 
future land use and climate change scenarios. The modelling 
process highlighted the unpredictability of geomorphologically 
effective events and hence the associated sediment yield.  

HEC-RAS/SIAM Quantifies local sediment imbalances and downstream sediment 
yields under different catchment and river management 
scenarios. SIAM allows a rapid assessment of catchment-wide 
scenarios, but requires transfer of channel change information to 
quantify impacts on flood risk to another model. The model, 
requires significant sediment load and size information to reduce 
uncertainty and improve the accuracy of sediment and process 
change predictions.  

Flood Modeller 
sediment transport 
modelling 

Flood Modeller has a 1D dynamic bed module that allows for 
simulation of bed change over time by specifying various 
sediment information and applicable transport equations suitable 
for the identified reach. It can be used to simulate a series of 
flood events over time. However, as a 1D model it does not 
simulate lateral movement of the channel plan position and this 
will limit its applicability where such processes are significant  
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Local tool name Local tool description 

There is a free version of Flood Modeller (Flood Modeller Free) it 
provides full hydrodynamic 1D / 2D capabilities and 1D sediment 
transport and 1D water quality solvers (limited to 250 1D nodes 
and 100,000 2D cells – which may be sufficient for many 
studies). For more information, see: www.floodmodeller.com 

MIKE 21C Simulates changes to river bed and planform using a rectilinear 
grid. It is able to provide detail at the reach level but it is not yet 
known whether it can be applied at a catchment scale. 

Non modelling-based 
tools 

 Sediment monitoring – tracking of particles (coarse) through a 
river system, local accretion/erosion monitoring or floodplain 
sediment coring and dating 

 Repeated topographical cross sections of riverbeds, possibly 
using bedload traps 

 Visual field based mapping (Hooke 2003) to understand a 
sediment system 

Sediment transport 
equations 

Where data on sediment types and budgets are available, 
sediment transport equations can be used to determine the rate 
of sediment transport within a fluvial system (see, for example, 
Bagnold 1966). The performance of bedload equations can be 
variable and often inaccurate (Gomez and Church 1989), mainly 
due to local controlling factors such as gravel armouring and 
vegetation colonisation.  

SHETRAN Physically based, distributed model that can simulate the entire 
land phase of the hydrological cycle including surface water flow 
and groundwater flow. Includes a fully 3-dimensional (3D) 
subsurface or variably saturated subsurface component.  

3.3.6 Key findings from the case studies 

Sediment processes were modelled in the Calder and Brun, Elwy, Glaven, Medlock, 
Pontbren, Wensum and Wyre case studies. Below is a summary of the most important 
findings from one of these examples. 
 

 
The fluvial audit and geomorphological modelling for this study demonstrated that removing 
the brick lining for part of the River Medlock, alongside morphological restoration of the 
channel, will improve the hydromorphology and fish passage through the study reach.  

Medlock case study 

http://www.floodmodeller.com/
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3.4 In-channel barrier assessment data, tools and models 

3.4.1 Introduction 

 

Figure 3.9  Effect of in-river structures  

Source: Mantz (2007)  

In-channel structures serve a variety of purposes and weirs and culverts and 
barriers/barrages can provide local flood defence benefits for events up to their design 
capacities. However, in-channel structures also introduce their own flood risks and their 
potential impacts can also include: 

 creating an impoundment zone upstream of a weir providing low energy flow 
conditions that impede flood debris passing downstream, substantially increasing 
flood risk immediately upstream of the structure (exacerbated for structures that 
constrict the flow or are undersized relative to the lengths of wood pieces 
typically transported by the stream or which feature inappropriately designed or 
maintained trash screens) 

 interrupting the sediment transfer system by inducing deposition of sediment 
within the impoundment zone, raising bed levels, clogging the bed with fines and 
reducing local channel capacity and conveyance – trapping sediment can also 
potentially starve downstream reaches of sediment, destabilising the sediment 
supply/transport balance to generate bed scour and bank erosion that increases 
the fragility of flood defence assets 

In-channel barriers within river systems include weirs, barriers and barrages (with or 
without locks), bridges, culverts, sluices/tide gates and other structural blockages. These 
can increase water levels upstream, or afflux (Figure 3.9), but can also affect 
geomorphological river processes in various ways. The severity of the impact depends on 
factors including: 

 the type and size of the structure 

 the location and orientation of the structure 

 the age of the structure 

 the type of river within which the structure is located  
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 increased water levels, depths and flow widths upstream of the structure – 
especially high flow events 

 reduced flow velocities upstream – allowing seeds and plant propagules to 
deposit, colonise the channel and reduce its capacity to convey floods 

 increased velocities and scour in vicinity of the structure leading to local and 
constriction scour that damage flood defence assets 

 unnatural changes to the flow regime to downstream reaches with risks to the 
river environment and ecosystem 

 modification to floodplain wetting frequency, with consequential environmental 
and ecological impacts 

 blocking passage of migratory and anadromous fish – especially eels  

 potential for sudden collapse during flood events with extreme risks to life as well 
as property and transport infrastructure – illustrated by the tragic death of PC Bill 
Barker when a bridge collapsed due to channel scour during the Cumbria floods 
of 2009 

3.4.2 Datasets 

Table 3.12 lists various datasets that can be used to assess in-channel barriers. 

Table 3.12  Datasets needed to identify in-channel barriers  

Type of dataset  Dataset description 

Aerial imagery Can be used to locate channel barriers. They do not 
provide information about the size of the barrier but can 
provide an indication of the impoundment length. Catchment walkovers, rapid 

geomorphic risk surveys and 
WFD assessments 

Existing survey and hydraulic 
models 

Many river systems in England and Wales have 
frequently been modelled using 1D or 1D–2D software 
packages to assess flood risk to people and property. 
These models are mostly owned by the Environment 
Agency and are likely to include surveyed information on 
in-channel barriers and structures such as weirs, 
bridges, culverts, barrier/barrages and sluices.  

River obstructions Environment Agency dataset containing information on 
the location and height of weirs, dams and locks.  

Fluvial audits Existing fluvial audits should provide a commentary on 
the geomorphological impacts of any in-channel 
structures on channel forms and processes.  

River Habitat Survey Conducted at 500m stretches of watercourse – should 
provide detail on the nature of any in-channel 
obstructions. Also includes detailed photographic record 
accompanying each surveyed reach.  

Environment Agency’s Asset 
Information Management 

Information on in-stream assets such as culverts and 
their associated maintenance regime  
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Type of dataset  Dataset description 

System (AIMS) database 

Eel and fish barriers Environment Agency database which identifies 
structures that are a barrier to fish and eels  

3.4.3 National tools 

Table 3.13 lists various national tools that can used to assess in-channel barriers. 

Table 3.13  National tools for assessing in-channel barriers 

National tool name National tool description 

Low flow restoration 
measures 

A matrix to help assess the sensitivity of various river types across 
the UK to channel impoundments and structures such as weirs, 
dams, sluices and culverts has been developed (Environment 
Agency 2016). This will help determine the sensitivity of a river to 
an impoundment/barrier and the likely impacts on the river system. 

Aerial imagery Aerial imagery is a useful in helping to determine the presence of 
in-channel barriers within a river or catchment. High level 
geomorphological impacts can be detected depending on the 
scale and accuracy of the imagery. 

3.4.4 Local tools 

Table 3.14 gives details of the various local tools that can be used to assess in-channel 
barriers. 

Table 3.14 Local tools assessing in-channel barriers 

Local tool name Local tool description 

1D, 2D and 3D tools There are a range of hydraulic 1D, 2D and 3D tools that can 
be used to assess the impacts of in-channel structures on 
water levels upstream and downstream. Fully hydrodynamic 
solutions of the 1D St Venant equations (for example, HEC-
RAS, Flood Modeller, MIKE 11) and 2D shallow water 
equations (for example, TUFLOW, JFLOW, Flood Modeller, 
MIKE 21) are widely available. Simplified solutions such as 
the backwater model (for example, HEC-RAS) can often 
provide insight and model afflux accurately as long as there 
are no attenuation effects.  

Afflux Estimation System 
(AES) 

Designed to improve the understanding of the effects of in-
channel structures such as bridges and culverts on water 
levels at high flows. This relates particularly to the 
representation of afflux (the increase in upstream water 
levels caused by the structure).  

Conveyance Estimation 
System (CES) 

Developed to integrate years of research into the different 
energy losses associated with bedforms, channel 
constrictions, bend curvature and seasonal roughness.  
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Local tool name Local tool description 

Dynamic TOPMODEL Modified with enhanced flood routing and the ability to 
incorporate channel blockage effects using sluices that pass 
flow underneath and over them during high flows.  

1D models  Water levels and flow depths can be interpreted to determine 
the influence of an in-channel barrier. For instance, flow 
velocity (depth averaged) can be interpreted and cross-
referenced with the Hjulström curve (Figure 3.7) to 
determine the approximate impacts on the sediment regime. 
Hydraulic parameters can also be used to calculate 
indicative bed shear stress. These are useful tools, 
particularly when appraising the benefits and risks of a 
restoration measure. 

2D models Provide hydraulic variance across the channel width and 
often output bed shear stress and stream power 
automatically with no post-processing of hydraulic data. This 
is particularly important where channel sinuosity is affecting 
flow dynamics. A fluvial audit can be conducted by an 
experienced geomorphologist to determine the impacts of in-
channel barriers on river forms and processes.  

3.4.5 Key findings from the case studies 

The Brompton and Burnley case study are examples where in-channel barriers were fully 
considered. A summary of the Burnley case study is given below. 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.5 River floodplain barrier assessment data, tools and 
models 

3.5.1 Introduction 

 
This case study demonstrated how an existing 1D flood model (Flood Modeller) could be 
used to assess changes to in-channel features proposed as part of a river restoration 
scheme. 2D modelling was also used to understand the cross-stream distribution of 
velocities, while velocity and shear stress data from the 1D and 2D models were useful for 
estimating sediment mobility and habitat quality (aquatic, bankside and floodplain).  

The modelled afflux for a range of flood flows was only marginal greater following 
implementation of the restoration scheme than under current conditions.  

Burnley case study 
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Figure 3.10  Longitudinal barriers and potential flood pathways  

Source: Defra (2004) 

Improved connectivity between the river and its floodplain can be restored through local 
bank and floodplain works, including flood bank removal or in-channel morphological works 
to raise incised river beds. This is beneficial because lack of connectivity means that high 
flows are prevented from spreading across the floodplain, instead being passed downstream 
without the flood peak being attenuated. As high flow events are generally the most 
geomorphologically effective, concentrating them within the channel focuses erosion, 
transport and deposition in a smaller area, altering local morphology and disrupting the 
sediment transport regime up and downstream, with knock-on effects throughout the 
drainage system. Under these conditions, the morphology for lower flows is also altered 
(Clilverd et al. 2015) and low flow habitats in the channel are degraded due to drying of the 
floodplain aquifer and loss of supported vegetation. 

Floodplain restoration through embankment removal and the reconfiguration of river 
channels helps to re-establish river–floodplain connectivity though modelling the 
hydrodynamics can be complex. There can, of course, be significant connectivity 
between the channel and the floodplain via subsurface pathways even in the presence of 
raised defences (Figure 3.10), although often this connection is also blocked by sheet 
piles driven below the embankments.  

Channelisation (involving dredging, widening and/or straightening, plus incision of the 
channel bed) and embanking rivers have been demonstrated to have significantly 
degraded aquatic, riparian and floodplain habitats worldwide (Pilcher et al. 2004, Clilverd 
et al. 2013, Clilverd et al. 2015) resulting in the loss of natural resources and ecosystem 
services of enormous economic value (Costanza et al. 1997).  
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Where floodplain connectivity is poor, aquatic species are denied access to the floodplain 
during floods, which may prevent spawning or result in loss of vital rearing habitats and high 
flow refugia. It follows that re-connecting the floodplain can generate multiple benefits by, for 
example, encouraging deposition of fine sediment load on the floodplain, attenuating 
downstream flood peaks, storing flood water and recharging floodplain aquifers, improving 
water quality and enhancing habitats to increase the economic, social and environmental 
values of ecosystem services. 

3.5.2 Datasets 

There are numerous existing national datasets including OS maps that can be interpreted to 
provide varying degrees of information about longitudinal barriers that disconnect rivers from 
their floodplains. Details of some of these datasets are given in Table 3.15. 

Table 3.15  Datasets needed to identify river floodplain barriers  

Type of dataset Dataset description 

Aerial imagery Aerial imagery can be used as a data source to determine the 
presence and location of longitudinal barriers in the floodplain, 
such as flood embankments, although the scale and resolution 
may preclude identification of small barriers or those that blend 
into the surrounding landscape.  

Existing survey and 
hydraulic models 

Existing hydraulic model information, particularly where these are 
flood models, are likely to contain surveyed information on local 
flood defences. These could be represented as part of cross-
section geometry within the 1D model component, or as 
2Delements in the floodplain, depending on their location (for 
example, bank top or set back defences).  

LiDAR  Can provide a dataset that can identify the spatial location, height, 
width and length of longitudinal barriers in the floodplain or on 
bank tops.  

Existing fluvial audits 
and RHS records 

Should provide details of any longitudinal barriers or floodplain 
areas that are poorly connected to the channel, including 
interpretation of how this is influencing river forms, processes and 
habitats both locally and up and downstream.  

3.5.3 Data analysis tools 

Table 3.16 describes useful data analysis tools for assessing river floodplain barriers.  

Table 3.16 Tools for analysing data on river floodplain  barriers  

Data analysis tool name Data analysis tool description 

DTM analysis packages Used to analyse the cross-sectional profiles of watercourses 
and their floodplains, and to provide a basic understanding of 
fluvial geomorphology so as to help understand artificial 
disconnection between channel and floodplain that will reduce 
storage at high flows.  

LiDAR LiDAR can be analysed to determine hydromorphological 
condition for the WFD. A study by JBA Consulting for the 
Environment Agency used LiDAR and an elevation algorithm 
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Data analysis tool name Data analysis tool description 

across the floodplain to determine embankment profile 
patterns (Environment Agency 2012b). A protocol was 
developed to measure the height difference between the 
average channel elevation and local floodplain height to 
provide a metric for channel–floodplain connectivity.  

3.5.4 National tools 

Table 3.17 describes useful national tools for assessing river floodplain barriers. 

Table 3.17 National tools for assessing river floodplain barriers 

National tool name National tool description 

Aerial imagery Can be used as a tool in itself to initially identify the length, type 
and extent of a longitudinal barrier at either the reach or catchment 
scale. It may also be possible to infer the influence on local 
geomorphological forms and processes depending on the 
resolution of the data. For example, habitat features may be 
identified using high resolution data.  

3.5.5 Local tools 

Table 3.18 describes useful local tools for assessing river floodplain barriers.  

Table 3.18 Local tools for assessing river floodplain barriers 

Local tool name Local tool description 

Hydrological models 
(MIKE SHE/MIKE 11) 

These have been used to assess the impacts of removing 
longitudinal barriers as part of river restoration at Hunworth 
Meadows on the River Glaven, a small lowland, calcareous river in 
north Norfolk (Clilverd et al. 2015) (see Glaven case study). A fully 
coupled MIKE SHE/MIKE 11 model was applied to understand the 
effects of embankment removal on river–floodplain hydrology 
including water table elevation, the frequency and extent of 
floodplain inundation, and flood peak attenuation under a range of 
expected river flow conditions. Although modelling floodplain re-
connection demonstrated an increase in the water table elevation 
and the frequency of flooding, only a small increase in flood 
attenuation was predicted. Re-connection did create conditions 
important for the recovery and maintenance of river health and 
ecosystem services.  

JFLOW Impacts of flood embankment removal were modelled in 2D using 
JFLOW on the River Wharfe in Yorkshire (Environment Agency 
2016). This included analysis of floodplain inundation frequency 
and interpretation of hydraulic impacts to identify any changes to 
the sediment regime locally, and up and downstream. The 
modelling showed an increased potential for deposition of gravel, 
which is characteristic of the River Wharfe.  

Geomorphic 
dynamics 

Builds on a catchment baseline survey and fluvial audit to predict 
the impacts of longitudinal barriers (and their removal) on river 
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Local tool name Local tool description 

assessment forms and processes, based on expert knowledge of fluvial system 
behaviour. This may be done in conjunction with, or as a 
qualitative alternative to, using the quantitative modelling tools 
described above (Sear et al. 2010, Thorne et al. 2010).  

3.5.6 Key findings from the case studies 

The Ribble and Glaven case studies are examples of where river floodplain barriers were 
considered. A summary of the findings from the Glaven study is given below. 
 

 

 

 

 

 

 

 

 

3.6 Diffuse pollution data, tools and models 

3.6.1 Introduction 

Inputs of fine sediments and pollutants to the drainage system are an important 
consideration when managing a catchment. Fine sediments deposited on floodplains across 
the UK can be heavily contaminated with pollutants from past mining activities, including 
lead and other heavy metals (Coulthard and Macklin 2003). Although fine sediments and 
diffuse pollutants may not be the primary concern when using WwNP to manage flood risk, it 
makes sense to design WwNP measures to manage both water quantity and quality.  

When designing WwNP measures it is important to consider if specific features should be 
included to trap contaminated sediments and reducing pollution downstream. Whole 
catchment models are needed consider the sources, pathways and receptors of pollutants, 
along with the mapping of point and diffuse sources (Figure 3.11).  

 
 
 
 
 
 
 
 

 
The River Glaven is a dynamic, calcareous hydrological system characterised by strong 
interaction between surface and subsurface flows. A coupled MIKE SHE/MIKE 11 model 
was used to simulate the site’s hydrological complexity.  

The investigation was able to assess the improvements to river–floodplain functioning 
associated with enhanced hydrological connectivity, groundwater retention and flood peak 
attenuation. The findings suggest the potential use of longitudinal embankment removal as 
a tool for buffering the hydrological regime of wetlands and other aquatic ecosystems 
against some of the extreme climate variability predicted in the UK over the next century. 

Glaven case study 
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Figure 3.11 Schematic of the diffuse pollution transport model Fieldmouse  

The Wyre case study develops a simple GIS transport model that possesses these important 
features, while the Eden case study investigates the same processes using more complex 
models including SWAT, HYPE and INCA. 

A wide range of diffuse pollution models and maps are available for the UK (Newell-Price et 
al. 2011), most of which are included in the model library and covering a range of diffuse 
pollutants. Pollutants of major concern are:  

 suspended sediments 

 faecal indicator organisms (FIO) 

 pesticides  

 nutrients 

Phosphorus is of particular concern since human effluent and farming practices have 
increased the amount of phosphorous in watercourses above what is considered to be 
consistent with good ecological status under the Water Framework Directive. Phosphorous 
has been modelled at the national scale using PSYCHIC-P (Phosphorus and Sediment Yield 
Characterisation In Catchments for Phosphorus) (Davison et al. 2008) and nitrate using 
NEAP-N (Anthony et al. 1996) to inform WFD risk assessment.  

Measures aimed at slowing the flow of flood waters often result in extended retention times 
(Heal et al. 2006), which can in turn lead to a long period of, for instance, die-off for FIOs 
(Kay et al. 2007). Modelling and understanding this catchment process is therefore helpful 
for achieving multiple benefits alongside reducing flooding. 

While significant point sources of phosphorus have been tackled through end-of-pipe 
phosphate stripping at larger sewage treatment works, significant distributed interventions 
are still needed on the application of fertilisers and manures to minimise the impact of 
agricultural activities on the water environment (Haygarth et al. 2012). There have been 
several national initiatives aimed at managing these risks such as environmental 
stewardship schemes, which include the Catchment Sensitive Farming (CSF) initiative.  

Diffuse fluxes are dependent on run-off generation, but pollutants behave very differently in 
the way in which they are mobilised, bound to fine sediments and transported through 
catchments. For example, phosphorus can be adsorbed and tightly bound to soils and fine 
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sediments from which it can subsequently be released depending on a range of physical and 
chemical processes. In contrast, nitrate is more soluble and more readily mobile, passing 
through soils with less interaction. The transport characteristics of pesticides, herbicides and 
degradation products can also be quite different. 

The most complex models are process-based simulations of the relevant hydrological, 
geochemical and biochemical processes, notably SWAT which has been developed over 30 
years and has numerous peer-reviewed applications (Gassman et al. 2007). SWAT uses 
hydrological techniques (curve numbers) which are more widely applicable in the USA and 
which means that many of SWAT’s parameters need to be converted from British customary 
to SI units. Use of SWAT requires a good knowledge of hydrological modelling, as illustrated 
in the Wyre case study (alongside Fieldmouse). Application of SWAT and other integrated 
catchment models such as MIKE SHE is illustrated in the Glaven case study.  

WwNP measures are more likely to interact directly with some aspects of diffuse pollution 
risk than others. For example, WwNP measures are most likely to mitigate surface-derived 
transfers of diffuse pollutants by increasing within-catchment deposition and retention of fine 
sediment and attached pollutants. The type of pollutant (especially how mobile/soluble it is 
and whether it does or does not decay over time) is significant. For example, FIO 
populations tend to decrease exponentially with time so that even a relatively short period of 
retention may provide significant benefits, whereas attenuation of other pollutants may be 
short-lived or just may just promote transfer via different pathways. Consequently, the need 
to predict the effects of WwNP measures on diffuse pollution may concentrate attention on 
tools and models capable of simulating specific processes (that is, they have the required 
functionality) at the scale relevant for a given application. 

In selecting models to predict the effectiveness of WwNP measures in managing pollutants, 
one of the most important steps is to build a conceptual model of how the catchment 
functions with respect to the pollutant(s) of interest.  

3.6.2 Datasets 

Table 3.19 gives details of datasets used in diffuse pollution models. 

Table 3.19 Datasets needed for in diffuse pollution models  

Data name Data description 

Environment Agency 
monitoring programme data 

Includes relevant WFD datasets, including the reasons for 
WFD failure dataset.  

Environment Agency’s Water 
Management Information 
System (WIMS) database 

Wide coverage of sampling for phosphorus, nitrogen and 
suspended solids 

UKWFD Technical Advisory 
Group (TAG) data 

Includes datasets to understand the latest recommended 
standards for phosphorus.  

Water company data Such as flow monitoring data and quality for returns to 
OFWAT needed to ensure compliance with the Drinking 
Water Directive 

Demonstration Test 
Catchment data 

Data collected in several demonstration catchments such 
as Wensum, Eden and Hampshire Avon.  

CSF enhanced water quality 
monitoring programme 

Recent evaluation of CSF measures shows very high 
uptake (62%) of one-to-one advice on diffuse pollution 
mitigation measures by thousands of farmers. This 
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Data name Data description 

programme monitors and models change in 8 of the 40 
CSF catchments. Based on monitoring, mean suspended 
solids concentrations are approximately 0.7% lower than 
they would have been without CSF for every 1% 
reduction in predicted load (Environment Agency 2014c).  

3.6.3 Data analysis tools 

Table 3.20 describes data analysis tools for diffuse pollution.  

Table 3.20 Tools for analysing data on diffuse pollution  

Data analysis tool name Data analysis tool description 

Water quality statistical 
analysis packages 

Statistical analyses of water quality can be conducted in a 
range of statistical packages and then visualised spatially 
using GIS. The open source R package has an 
exceptional range of highly tested statistical tests and 
different ways to visualise the data. There are some 
software packages used by the Environment Agency (for 
example, AARDVARK from WRc which analyses WIMS 
data).  

 

3.6.4 National tools 

Table 3.21 describes useful national models for modelling diffuse pollution.  

Table 3.21  National tools for modelling diffuse pollution 

National tool name National tool description 

Catchment Change Matrix 
(CCM)  

Analyses effectiveness of CSF measures. It is a data-
driven model of farm-scale emissions data with scaling for 
different CSF interventions (see Environment Agency 
2014c). It links agricultural mitigation measures to 
individual model farms that represent each of the 100,000 
commercial farms in England. It combines measures to 
create a total farm-scale pollutant reduction and then 
aggregates these results to a variety of spatial scales. 
Such modelling has shown that CSF is effective in terms 
of achieving sediment reductions and that predicted 
reductions vary greatly across catchments.  

PSYCHIC-P and National 
Environment and Agricultural 
Pollution – Nitrate (NEAP-N) 

Diffuse pollution tools that take into account land use 
management and stocking. They are used to generate 
1km gridded outputs for estimated nutrients reaching a 
watercourse in modes such as SIMCAT and SAGIS. 
SAGIS is a GIS implementation of SIMCAT which 
combines a large number of diffuse pollutants and 
incorporate loads from discharges.  

Fieldmouse The Environment Agency has developed Fieldmouse (see 
Wyre case study), an ArcGIS based diffuse pollution 
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National tool name National tool description 

transport model that takes farm emissions data from the 
CCM database and models losses in the land phase. This 
is then linked to the Detailed River Network using GIS 
hydrology and pathway tools. The model transports flows 
and loads through the network, allowing the introduction 
of point inputs and in-stream losses.  

SCIMAP A range of models have been used to estimate relative 
erosion risk, notably for sediments. SCIMAP has a risk 
mapping package that can be used in combination with a 
DTM and land cover data to understand relative risks of 
erosion and deposition.  

3.6.5 Local tools 

Detailed diffuse pollution models typically simulate a larger number of physical processes 
than run-off models which, in turn, results in an increased number of parameters. This can 
introduce more flexibility, but also more uncertainty.  

These models typically include an integrated hydrological model. This is used to generate 
run-off which is then used to drive the fluxes of pollutants that undergo transformations and 
reactions as they interact with each other as well as with sediments. Table 3.22 gives details 
of useful local tools for modelling diffuse pollution. 

 

Table 3.22 Local tools for modelling diffuse pollution 

Local tool name Local tool description 

SWAT SWAT (see the Wyre and Eden case studies) is an open source, semi-
distributed hydrology and water quality model, capable of modelling 
nutrient and suspended sediment transport. It requires detailed datasets, 
and builds hydrological response units from unique combinations of land 
cover (LCM2007, CORINE), soils (NSRI/NATMAP) and slopes (derived 
from a DTM). The hydrology is based on the US SCS run-off curve 
approach and the model includes representations of nutrient cycles.  

HYPE HYPE is an open source hydrological and water quality nutrient 
package. It uses a combination of land cover (for example, CORINE, 
LCM2007) and soils (for example, NSRI/NATMAP) to derive 
hydrological response units, and incorporates phosphorus and nitrate 
nutrient cycles.  

INCA These nutrient cycle models with land and in-stream phases encompass 
a wide range of physicochemical and biological parameters, INCA-P and 
INCA-N for phosphorus and nitrogen, respectively (Flynn et al. 2002, 
Whitehead et al. 2007). INCA requires a separate hydrological model to 
drive the flow balance, which can be based on rainfall and evaporation 
data from MORECS or it can be generated using the HYPE model.  
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3.6.6 Key findings from the case studies 

The Eden, Glaven, Wensum and Wyre case studies are examples where diffuse pollution 
was modelled. A summary of the main findings from the Wyre case study is given below. 

 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 
 

 

3.7 Conclusions and recommendations 

This chapter provides an introduction to a range of data, data analysis tools and models 
covering a range of catchment processes that are important when considering measures to 
work with natural processes. The key functionality of a range of tools for each process is 
presented.  

This chapter does not prescriptively recommend specific software. Instead you are 
encouraged to: 

 learn more about your catchment 

 chose a level of complexity of modelling 

 use this chapter to learn about available tools and the limitations of particular 
packages   

Table 3.23 gives details of the websites for some useful datasets and models. 

 

 

Table 3.23 Summary of useful datasets and models  

Data Models 

 
This case study included use of the GLUE framework to assess uncertainties in the 
Fieldmouse diffuse pollution model. Application of GLUE requires a high level of skill and 
experience, although there are now various tools both online (www.uncertain-
future.org.uk/RSoftware.htm) and offline that can be used to apply the framework. Use of 
GLUE illustrated how uncertain the model results were compared with uncertainties in the 
observed data used to apply the model. 

The investigation also tried to overcome scaling issues through calibration of the SWAT 
model to produce a detailed, process-based model of the Wyre. While this helped with 
calibration in the Fieldmouse model of parameters for losses at the sub-basin scale, it was 
difficult to transfer the analysis, despite allowing for typological differences in different 
catchments such as the Eden. This reinforces the fact that the detailed character of every 
catchment is unique. While the catchment characteristics can be represented by typology, 
drainage pattern and topography, it remains risky to transfer findings from one catchment to 
another. 

Wyre case study 

http://www.uncertain-future.org.uk/RSoftware.htm
http://www.uncertain-future.org.uk/RSoftware.htm
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Data Models 

BGS solid and superficial geology maps 

www.bgs.ac.uk/data/services/digmap50wms.html 

Afflux Estimation System 

www.river-conveyance.net/aes/ 

Demonstration Test Catchment data 

www.demonstratingcatchmentmanagement.net/ 

Conveyance Estimation System 

www.river-conveyance.net/ces/ 

Environment Agency monitoring programme 
data 

www.geostore.com/environment-agency  

COSMOS network 

http://cosmos.ceh.ac.uk 

FEH Web Service  

www.hydrosolutions.co.uk/products.asp?category
ID=4670  

HYPE model 

www.smhi.net/hype/wiki/doku.php 

National River Flows Archive 

http://nrfa.ceh.ac.uk  

SEPA ST:REAM model 

http://map.sepa.org.uk/floodmap/map.ht
m 

UKWFD TAG data 

www.wfduk.org  

SCIMAP model 

www.scimap.org.uk 

 

The information provided in this chapter is the second step in the 3-step process for 
selecting models, tools and data (Figure 3.12). The detailed model library (Step 1) should 
also be used to make more informed decisions about the most suitable tools to use. 

Step 3 involves using the case study examples to explore in more detail whether the 
models, data and tools you have selected are appropriate for use in your catchment. Table 
3.24 lists all the case studies and their key purpose. 
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Step 1 Step 2 Step 3 

Use the model library to 
choose model(s) 

Read Chapter 3 to 
understand the model(s) 

Read case studies  

 

Figure 3.12  Moving on to Step 3 in the model selection process 

 
Table 3.24   List of case studies and their main focus 

 

 Case study  Main focus 

1 Tarland Burn – Aberdeenshire WwNP scheme  

2 Brompton – North Yorkshire WwNP scheme 

3 Holnicote – Somerset WwNP scheme 

4 Wensum – Norwich Sediment management 

5 River Frome – Stroud WwNP scheme 

6 Medmerry – West Sussex Managed realignment on the coast 

7 River Glaven – North Norfolk River floodplain restoration 

8 Woodlands for Water - National National mapping to identify locations where 
trees can be planted to reduce flood risk and 
improve water quality 

9 River Elwy - Denbyshire WwNP 

10 Clwyd - Denbyshire WwNP 

11 Thames Headwater – Oxfordshire WwNP 
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 Case study  Main focus 

12 River Eden – Cumbria Water quality 

13 Lustrum Beck – Stockton on Tees WwNP 

14 Belford Burn – Northumberland WwNP 

15 Hodder Catchment – Lancashire Changes in land management 

16 Pontbren Catchment – Powys Changes in land management 

17 River Wyre – Lancashire Water quality 

18 River Calder and Brun – Burnley River restoration 

19 River Medlock – Manchester River restoration 

20 River Ribble - Yorkshire River floodplain restoration 
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4 Conclusions and 
recommendations 

This report gives details of a wide range of model, tools and 
data that can be used to consider a range of catchment 
processes when developing an FCERM scheme. It is 
accompanied by a spreadsheet-based model, data and tool 
library which can help you select suitable tools for the job. 
This library is supported by a summary of these tools in 
Chapter 3 and 20 case study examples of how catchment 
processes have been modelled previously across the UK. 

4.1 Recommendations 

The report identified a number of research gaps. There is no systematic approach for 
assessing the performance of WwNP measures. Although there are some ‘rules of thumb’ 
used by experienced practitioners, it is recommended that data are collated on likely system 
performance for case studies. A geodatabase of WwNP measures and interventions is 
recommended that is similar to AIMS but for natural measures. The project team has 
developed a prototype of such a resource which is available online 
(http://naturalprocesses.jbahosting.com). Such a resource could be used to understand 
performance across different types of catchment..  

Some of the modelling of real events has demonstrated that a system-based approach such 
as RASP would not capture the spatiotemporal complexity of catchment response in its 
current format. The use of realistic spatially correlated ‘event sets’ (Lamb et al. 2012) of 
rainfall or flows with which to test the performance of WwNP would potentially overcome this. 

There is a lack of evidence of whether field-scale land management changes can reduce 
flood risk at large catchment scales. There is a lack of comprehensive sediment and detailed 
geomorphology typology datasets that could be used to inform modelling of WwNP schemes 
in England and Wales. 

 
 

1

•Introduction and 
overview

2
•Choosing a model

3
•Model summary

4
•Conclusions

The project has involved the development of:  

 a catchment process flow chart (see Figure 1.8) to help you understand how 
your catchment works and to identify potential data, tools and models you could 
use to carry out a detailed assessment and then to design, construct and 
monitor a WwNP scheme 

 an electronic library of tools (see Chapter 2) which provides a detailed 
summary of a range of tools, data and models to help you select the right tools 
for your catchment; its purpose is to provide practitioners with as much 
information as possible about different approaches, since the availability of 
existing models and data and user-experience often dictates the software used  

 a detailed summary of models, tools and data (see Chapter 3) to help you 
understand how different tools can be used to assist in planning a flood scheme 

 a series of 20 case studies (available separately) which provide examples of 

how to model a range of catchment processes across the UK 

http://naturalprocesses.jbahosting.com/
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Abbreviations 
AIMS  Asset Information Management System [Environment Agency] 

BeST  Benefits of SUDS Tool  

BFI  Base Flow Index 

BFIHOST  Base Flow Index – Hydrology Of Soil Types 

BGS  British Geological Survey 

CCM Catchment Change Matrix 

CEH  Centre for Ecology and Hydrology 

CES  Conveyance Estimation System 

CES/AES  Conveyance and Afflux Estimation System 

CORINE  CoORdination of INformation on the Environment 

CSF  Catchment Sensitive Farming 

DEM  Digital Elevation Model [typically unfiltered terrain data] 

Defra  Department of Environment, Food and Rural Affairs 

DRN Digital River Network 

DTM  Digital Terrain Model  

FCERM  Flood and Coastal Erosion Risk Management 

FEH  Flood Estimation Handbook 

FFC Flood Frequency Curves 

FIO faecal indicator organism 

FRMRC  Flood Risk Management Research Consortium  

GIS  geographical information system 

GLUE  Generalised Likelihood Uncertainty Estimation [framework] 

HEC  Hydrologic Engineering Centre 

HEC-RAS  Hydrologic Engineering Center’s River Analysis System [US Army Corp of 
Engineers]  

HOST  Hydrology of Soil Types 

HRU  Hydrological Response Unit 

JRAFF  JBA Run-off Attenuation Feature Finder 

LiDAR  light detection and ranging 

LCM2007  Land Cover Map 2007 [CEH] 

MDSF  Modelling and Decision Support Framework  
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MORECS  Met Office Rainfall and Evapotranspiration Calculation System 

MOSES  Met Office Surfaces Exchange Scheme 

NATMAP National Soil Map of England and Wales 

NEAP  National Environment and Agricultural Pollution 

NSRI National Soils Resources Institute  

OS  Ordnance Survey 

PDM  Probability Distributed Moisture  

PROPWET  proportion of time when soil moisture deficit was below 6mm 

PSYCHIC-P  Phosphorus and Sediment Yield Characterisation In Catchments for 
Phosphorus  

RASP  Risk Assessment for Strategic Planning 

RAF  run-off attenuation feature 

RBMP  River Basin Management Plan 

ReFH  Revitalised Flood Hydrograph 

RHS  River Habitat Survey 

SAR Synthetic Aperture RADAR  

SEPA  Scottish Environment Protection Agency 

SIAM Sediment Impact Analysis Methods 

SPR  standard percentage run-off 

SPRHOST  Standard Percentage Runoff – Hydrology of Soil Types 

SUDS  sustainable urban drainage system 

SWAT  Soil and Water Assessment Tool 

TAG Technical Advisory Group 

Tp  time-to-peak 

UAV  unmanned aerial vehicle 

WFD  Water Framework Directive 

WIMS Water Management Information System [Environment Agency] 

WwNP  Working with Natural Processes 
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