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Overview

1. Flood Risk Drivers and the Policy Backdrop:

• Flood Risk Drivers 

• EU Directives and UK Legislation 

2. The Science Base:

• FRMRC

• EA-Defra River Sediments and Habitats

• EA-Defra Environmental Consequences of Floods

3. Future Flooding:

• Foresight Project on Future Flooding

4. Science into Policy into Practice:

• Speech to CIWEM by Richard Benyon MP

• Delivering clear messages to key stakeholders
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1. The Policy Backdrop



Flood Risk Drivers

• Climate Change
- The future will be different from the past!
- Increased Flood Frequency
- Increased Frequency of “sediment events”
- Increased frequency & magnitude (?) of morphological change.

• Land use management
- Changing rainfall-runoff characteristics
- Changing  sediment yields and delivery ratios
- Opportunities for source control and flood storage

• River management
- Changing channel conveyance (restoration or maintenance)
- Changing sediment dynamics (restoration or maintenance)

• Societal attitudes to Flood and Environmental Management
- Uncertain futures – changing FRM and environmental priorities



Policy Backdrop
1. Floods and Water Act 2010 (Floods Directive/Pitt Review/Foresight Update Report)

• Integrated, catchment approach to FRM

• Recognise multiple-benefits and ‘Work with Natural Processes’

• Employ full range of Policy Options in CFMPs

• Localisation and the Big Society 

2. Habitats Directive

• Favourable Condition for SSSI rivers

• PSA targets 

3. BAPs

• Habitat Action Plans for rivers (chalk, headwater, active shingle)

• Action plans to support specific riverine/wetland/floodplain species

4. Water Framework Directive

• Good Ecological Status in water bodies

• Good Ecological Potential in HMWBs

5. Emerging EA/SEPA/Rivers Agency  Policies 

• Presumption against removal of sediment from streams
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2. The Science Base (i)

FRMRC  - Sediments Morphology and 
Habitats Work Packages

Evidence that sediment and debris 
actually do contribute significantly to 

present and future Flood Risks
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Dr Alex Henshaw

Impacts of land use changes and land 
management practices on upland sediment 

dynamics



Upland Sediment Yields
A two-year sediment yield 

monitoring programme at Pontbren 

in mid-Wales indicates that land use 

changes associated with post-WW2 

agricultural intensification may have 

increased sediment supply to 

reaches downstream:

“Coarse sediment yields were 

approximately 12 times greater and 

fine sediment loads about 5 times 

greater in streams where grassland 

had been improved and stocking 

densities had increased compared 

to those in a stream draining 

unimproved moorland pasture.”



Tim Pagella (t.pagella@bangor.ac.uk)
Beth Jackson (bethanna.jackson@vuw.ac.nz)
Alex Henshaw (alex.henshaw@nottingham.ac.uk)

POLYSCAPE

Edit layer – data for each layer can be 
modified to incorporate stakeholders’ local 
knowledge

Flood mitigation layer – flow accumulation 
modified by land use and soil cover

Erosion risk layer – Compound Topographic 
Index (specific stream power) modified by 
land use and soil cover

Forest habitat layer – uses Forest Research’s 
BEETLE (Biological and Environmental 
Evaluation Tools for Landscape Ecology)

Farm impact layer – simple rule set based on 
slope, current land use and water regime

Trade off layers (includes sediment supply 
risk through combination of flood mitigation 
and erosion risk layers)

• Prototype GIS toolbox to support landscape-scale ecosystem service provision
• assists identification and prioritisation of locations where changes in land use management 
will deliver greatest benefits 
• uses readily available data (e.g. OS Landform Profile DEM, CCW Phase 1 Habitat data) but 
easily modified using stakeholder’s local knowledge
• incorporates erosion and fine sediment delivery risk layers based on a Compound 
Topographic Index (Thorne et al., 1986) and flow accumulation algorithm

Polyscape model components 

Application of Polyscape to prioritise tree planting for 
erosion control in Pontbren catchment, mid-Wales



www.floodrisk.org.uk EPSRC Grant:  EP/FP202511/1

Dr Emma Raven 

Interactions between coarse sediment 
channel change, river engineering and flood 

risk in an upland gravel-bed



Research on the River Wharfe (Lane 

et al. 2007) shows that 

sedimentation in channels with 

stabilised banks can lead to 

significant increases in flood risk. 

The review of Foresight on Future 

Flooding commissioned by Sir 

Michael Pitt (Evans et al., 2008) 

stated that:

“approximately a year and a half of 

aggradation produced an increase in 

the flooded area equivalent to nearly 

half a century of the impact of 

climate change on catchment 

runoff.”

Sedimentation in Flood Control versus 
Natural Channels
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Dr Chris Parker

ST:REAM

Sediment Transport:

Reach Equilibrium Assessment Method





River Taff - Test Application
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Professor Tom Coulthard

Impacts of Elevated Sediment Loads on 
Downstream Flood Risks



CAESAR modelling of Eden sub-catchments

Upper Eden

Lower Eden

Eamont

River Irthing

River 

Caldew

River Petteril

Carlisle



Generating sediment

Daily water input

Eden 80%

Caldew 15%

Petteril 5%

Water Discharge

Sediment Discharge

80% 15% 5%
Eden Caldew Petteril



Changes in bed elevation for different sediment inputs

5m(Erosion)

Baseline +100%

+250% +500%



Bed elevation change impact on flood levels

1

- 0.001Difference in maximum water elevation (new – original)

Baseline +100%

∆ max water 

depth, m

+250% +500%
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Paul Brewer, Ian Dennis and Mark Macklin
Institute of Geography and Earth Sciences, 

University of Wales, Aberystwyth

Tom Coulthard and Jorge Rameirez
Department of Geography, University of Hull

Contaminated river and floodplain 
sediments: Assessing environmental 

and public health risks



River Severn at Caersws

GIS-based decision making tool for assessing environmental health 

hazards associated with sediment-associated contaminants
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Risk of Blockage at Structures

Dr Nick Wallerstein



Flood Risks are related to the probabilities
of full or partial blockage



Belfast Case Study

Analysis of records – Causes of Blockage



Blockage prediction - Catchment Properties

Pb = constant + (T x b1) + (A x b2) + (MDM x b3)
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Impacts of flood defences on river 
habitat

Dr Gemma Harvey
and 

Dr Nick Wallerstein



Reconciling goals for flood risk management and good ecological status

Evaluation of RHS as a tool for assessing impacts of flood defences

National trends in 
ecological indices in 
managed reaches:

• Reduced instream 
habitat heterogeneity

• Reduced riparian 
habitat complexity

Harvey, G. L. and Wallerstein, N. P. (2009) Exploring 
the interactions between flood defence 
maintenance works and river habitats: the use of 
River Habitat Survey data. Aquatic Conservation: 
Marine and Freshwater Ecosystems 19: 689-702. 



Harvey, G. L. and Wallerstein, N. P. (2009) Exploring the interactions between flood defence maintenance works and river habitats: the 
use of River Habitat Survey data. Aquatic Conservation: Marine and Freshwater Ecosystems 19: 689-702. 

Methodological challenges identified:

• Site selection and ‘control’ reaches

• Appropriate benchmark conditions

• Management legacy

• Recovery and time lags
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2. The Science Base (ii)

EA-Defra Project SC040015 
River Sediments and Habitats:

Balancing multi-functional goals for capital 
works and operational maintenance: new 

guidance for Operations Delivery Staff  



1. There is a presumption 

against removing sediment                     

from rivers

1. The justification to manage                       

or remove sediments must                  

be evidence-based

2. When sediment actions are justified 

best practice must be employed in 

performing the necessary work with the 

aim of maximizing benefits to habitats 

and ecosystems while avoiding or at 

least minimising damage to the 

environment.

Sediment Management: 
Policy-related premises



Project Structure

Guiding Principles

Typology e-Learning Module

Guidebook of 
Applied 

Geomorphology

Hydrological & 
Geomorphological 

Sciences

EU - UK Policies 
(HD, WFD etc.)

FRM Ops 
Delivery 
Actions

EA/SEPA R&D
e.g. Bank Erosion manual



Guiding Principles for Sediment Maintenance

1. Identify why you are considering action

2. Treat the cause not the symptom

3. Identify and Prioritize the Functions of the river

4. Identify and appraise management options 
based on Risk Analysis 

5. Balance Multiple Goals of channel management 

6. Inspect and Appraise maintenance outcomes 
with respect to targets set for all relevant 
functions



www.floodrisk.org.uk EPSRC Grant:  EP/FP202511/1

2. The Science Base (iii)

EA-Defra Project SC060062
Methods to Assess, Model and Map the 

Environmental Consequences of Flooding

Accounting for the effects of flood sediments 
on river and coastal environments and 

ecosystems



Structure and Key deliverables



Floodplain Processes, Connectivity and Sedimentation

River Blackwater, Hampshire

Despite much flume-based research 

Channel Floodplain interactions in real 

streams and rivers are still poorly 

understood.

The exchange of momentum 

between the channel 

and floodplain is crucial 

to both in-channel and 

floodplain hydraulics 

and sediment dynamics.

UK floodplain roughness is important 

and sedimentation rates are not 

negligible.  Vegetation effects are 

crucial and cannot be ignored.



Adjustments in ‘Natural’ Channels
Alluvial streams are free to respond to perturbation or 
change through mutual adjustments to 9 degrees of 
freedom:

• Width

• Mean Depth

• Maximum Depth

• Bed grain median size

• Bed grain size distribution

• Bedform wavelength

• Bedfrom amplitude

• Meander wavelength

• Bend arc angle

Where the channel boundaries are artificially 
stabilised, the number of degrees of freedom is 
reduced and responses are mutated. 



Constraints
Bridges, culverts and stabilised crossings all 
constitute risky constraints on morphological 
adjustment.
We need more evidence to demonstrate the 
risks to people, property and ecology.



Adjustments of the Fluvial System

Heavily Modified Water Bodies 

There is a major divide in the 
sediment-related risks of floods 
between heavily modified water 
bodies (HMWBs) and natural 
channels.  Most HMWBs feature:
– disconnection between the channel 

and floodplain, and;

– artificial stabilisation of the banks 
and/or bed.

Morphological responses and 
habitat impacts are likely to be 
exaggerated and adverse in HMWBs



We need to better evidence to support the case for giving rivers 
space in which to manage sediments naturally 

The Channel Migration Zone
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3. Future Flooding

Foresight Project 2004 (updated 2008)



The Foresight project  found that 

“a clash between FRM and 

environmental objectives could 

lead to a 3-fold increase in flood 

risk in the 2050s, rising to a        4-

fold increase in the 2080s”

(Evans et al. 2008). 

They concluded that:

“under Global Sustainability,  

lower climate change and 

economic growth combined with 

greater environmental 

consciousness result in River 

Vegetation and Conveyance, 

Environmental Regulation, and 

River Morphology and Sediment 

Supply topping the table in the 

2050s.”

Environmental Regulation and Flood Risk Management



4. Science into Policy into Practice



Richard Benyon MP (Defra)
Parliamentary Under-Secretary for 
Natural Environment and Fisheries

• Natural environment

• Ecosystem services

• Biodiversity

• National parks and areas of outstanding 
natural beauty

• Wildlife

• Joint Nature Conservation Committee: 
statutory adviser to the UK Government 
on national and international nature 
conservation, maintaining and enriching 
biological diversity, conserving geological 
features and sustaining natural systems. 

• Flooding and water (including 
Nitrates)

• Inland waterways

• Land management (including 
commons and contaminated 
land) and soil

Speech to CIWEM – April 7th, 2011



Defra CATCHMENT MANAGEMENT APPROACH

• based approach to implementing the WFD.

• focuses on delivering environmental benefits. 

• enhance the environment for people, businesses & 
wildlife.  

• organisations will integrate water and land management:

– water company schemes like SCAMP, 

– Local Authority led initiatives like that in the Parrett catchment, 

– National Trust and NGO initiatives.  

• aim is finding the right solutions in the right places.



• voluntary groups and communities are important in 
responding to floods.

• remove bureaucratic barriers and provide information, 
powers and funding. 

• act smarter, think holistically, and work more 
cooperatively. 

• localism and the big society concept -- team working and  
canny resource management. 

• the Government should act as an enabler. 

Defra CATCHMENT MANAGEMENT APPROACH



The Future for IFRM 
• create space for local and private contributions to acquire 

land, property, infrastructure and other assets realised when 
defences are built.

• communities will know how they rank for Government 
funding. 

• contributions would be entirely voluntary -- no ‘floods tax’.

• Government will maintain the bias in the system for the most 
deprived communities. 

• Consultation ended in February and responses are being 
analysed. 

• Final decisions will be announced later in the spring.



Closure: 

Delivering Clear Messages to Key 
Stakeholders



The Fluvial System: Connected, Dynamic and Responsive

48
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