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Read me before you start  
(and then delete me)  

Before you start, make sure you save this document in the latest version of Word (.docx format). If you don’t 
do this, you will have problems with formatting your document correctly. 

Audience first 
Make sure you have thought about who your document is for. Write in plain English and stick to language 
your audience will understand. See our style and writing guidance. Make sure you include the correct 
classification in the footer of your document. 

Styles 
Our templates are based on styles, which are pre-set formats for fonts, graphs, colours and so on. Pretty 
much everything you do in Word has its own style.  

Once you get the hang of using styles, it’s easy to go through your document apply the correct ones. 

If you need help understanding our house style, see 'What is visual design?' 

How to use styles 
The styles take seconds to set up, so don’t be put off! In the View tab at the top of your screen, set the 
document to print layout.  

Open the Styles toolbar: in the Home tab, click on the arrow in the bottom right-hand corner of the styles 
section, underneath ‘Change Styles’ (or use Alt+Control+Shift+s). The toolbar will appear on the right of your 
screen. Make sure you tick the ‘Show Preview’ box at the bottom of the list so you can see what the styles 
look like. If you skip this step, you will find that applying the document styles is harder than it needs to be. 

Writing your content 
Write directly into the document from the start. If you need to copy and paste text from somewhere else, 
copy it into Notepad first to remove the formatting and paste it from there. You can find Notepad under the 
‘Start’ menu on your desktop. Please pay attention to where you paste your text as it will pick up the style of 
the text in the template. If your copied text is not in the style you want, go to the Styles toolbar and click on 
‘Clear All’, which will remove the formatting. You can then apply whichever styles you like. 

You’ll see that we’ve written some wording in the document already and there are examples of charts and text 
boxes for you to copy and paste. You can write over this text to make sure you have the style you need. You 
may want to copy the contents of the main page of text and use it as a guide for each section of your 
document.  

To apply a style to some text, highlight the text and click on the style you want to apply from the Styles 
toolbar on the right. Most of the wording in your document should be in the Main text style. 

If you need to check the style of any of the wording in the document, so you can repeat that style later 
on, just select the wording and see which style it highlights in the Styles toolbar. Most of the wording in your 
report should be in the Main text style. 

There is spacing between paragraphs so you don’t need to add line spaces after headings or between bullets. 

Adding emphasis to your text  
• Use short sentences, bullet points and headings to break up your content. 

• Only use underlined text for links. 

• Only use italic text for titles of publications and Latin names for species of plants or animals. 

• Use bold to highlight important information, but use it sparingly.  

• Do not use other headers or footers. 

 

http://intranet.ea.gov/policies/communicating/75527.aspx
http://intranet.ea.gov/static/documents/Tools/What_is_visual_design_Jan_2013_398f92.pdf
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1. Catchment summary 

 

Study location 

The project covers the Oxfordshire headwaters of the River Thames (Figure 1), although more 
detailed modelling was carried out specifically on the River Ray. The River Ray rises in 
Buckinghamshire and flows west into Oxfordshire. At Islip it joins the Cherwell which then flows into 
the Thames. 

Catchment overview  

There has been widespread and repeated flooding of the Thames catchment in recent years. The 
National Farmers’ Union (NFU) is interested in exploring different ways of managing the flood risks 
that include better Working with Natural Processes (WwNP). 

 

 

Figure 1: Location map of the Oxfordshire Thames headwaters themed by storage 
opportunities at a broad scale 

Source: JBA Consulting 

Study summary  

JBA Consulting was commissioned to target different measures that include WwNP and more 
traditional channel maintenance options at a strategic level. This case study is about the WwNP 
aspects of the work. The project team worked with landowners/farmers to establish the feasibility of 
strategic opportunities for enhancing storage of water in the Thames headwaters.  

Data mining the updated Flood Map for Surface Water map outputs for areas of ‘ponded water’ 
providing an opportunity for enhanced storage (pond excavation/low bunding) was performed using a 
tool called JRAFF (JBA Run-off Attenuation Feature Finder). This tool looks for areas of ponded water 
in the Flood Map for Surface Water map outputs that fall between 100m2 and 5,000m2, that are not in 
urban areas, and which are within headwater areas. These areas in the Ray catchment are identified 
in black in Figure 2. The identified opportunities for flood storage was entered in the Digital Terrain 
Model (DTM) and the 2-dimensional (2D) overland flow model, JFLOW (Lamb et al. 2009), was re-run.  



  

  3 of 6 

The headwater catchments were monitored for the current and modified situations and the magnitude 
of flood peak attenuation was computed. A significant relationship was found between the level of 
flood attenuation expected depending on opportunity storage and several catchment descriptors 
including SPRHOST (Standard Percentage Run-off – Hydrology of Soil Types), BFIHOST (Base Flow 
Index – Hydrology of Soil Types) and URBEXT (Flood Estimation Handbook descriptor defining urban 
extent). This approach was then applied to the other Oxfordshire catchments not included in the 
detailed modelling of the Ray. 

Community involvement  

The project was initiated by the NFU which has a large number of members and included partners 
from the Environment Agency. Engagement meetings have been held with landowners to discuss and 
understand the feasibility of pond storage.  

 

Figure 2: Distributed pond storage in the Thames Headwater catchment (shown in black) 

Source: JBA Consulting 

 
2. Data summary  
 

Datasets and analysis techniques used  

• The datasets used included:  

• updated Flood Map for Surface Water map 

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

• 2m resolution DTM – for 2D overland flood modelling  

• Environment Agency’s Defined River Network – for definition of headwaters and network 

• synthetic aperture radar (SAR) data 

CORINE (open data) was used to classify different land cover types. Flood Estimation Handbook 
(FEH) rainfall parameters and catchment descriptors were used for design flood estimation. The 
Revitalised Flood Hydrograph (ReFH) rainfall–run-off and losses approach was used. The losses were 
applied to the rainfall as for the blanket rainfall approach. 

Data restrictions 

Data licenses were required from a range of organisations. 
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3. Model summary  
 
Catchment processes investigated  

The catchment processes investigated study included: 

• Run-off generation: The blanket rainfall approach used here is the same as that used in the 
creation of the Flood Map for Surface Water. For rural situations, the ReFH method was used to 
account for changes to soil infiltration rates and percentage run-off during an event. For urban 
areas (the approach does not seek storage opportunities here), there is a blanket percentage run-
off and assumed drainage rate. 

• Catchment/land use change: The quality of soils in the catchment was assessed at a coarse level 
and the potential for improvement/degradation was altered by changing the catchment descriptor, 
SPRHOST. This was then used to re-run simulations and enable the changes to agricultural 
damages to be assessed. 

 
Model assumptions  

A range of different probabilities for both surface water and fluvial flows were considered and long-
term annual average property and agricultural damages were computed by integrating the impacts 
over a range or probabilities. Probabilities and consequences were explored, although system failure 
of any bunds was not considered explicitly.  

The timing of the interactions of peak flows was considered; the approach used by JRAFF targets 
opportunities to increase storage in headwaters rather than part way down the catchment. The impact 
of flood peaks was also assessed at different monitoring cross-sections, so that any increase in peak 
flood due to constructive interference of peaks from tributaries could be detected. 

Fragility was not considered. Storage opportunities are currently targeted at low risk pond excavation 
or shallow bunding up to a maximum of 1m, although this may be extended to 2m, as this was the 
maximum bund elevation in the Holnicote case study. 

The synchronicity problem, whereby WwNP measures can retard flows in one catchment which then 
unfortunately interact with peaks from other parts of the catchment, was considered. Here the key was 
to target storage in headwater catchments. 

Model tools and assumptions included:  

• FEH for estimation of fluvial design hydrographs and for modifying catchment descriptors to 
simulate measures 

• JFLOW – surface water and fluvial approaches; 2D full shallow water equation solver  

• JRAFF is based in ArcGIS and was used to data mine the Flood Map for Surface Water  and map 
extra pond storage opportunities  

 

The attenuation possible from implementing the storage identified by JRAFF can be seen for different 
return periods (RP 30 and RP 100) in Figure 3 for two storage areas.   

A regression model relating the modelled attenuation as a function of opportunity storage, catchment 
area and FEH descriptors was developed. This attempts to account for the influence of scale and 
typology, and can be applied to other catchments without JFLOW modelling.  

The relationships that relate the levels of attenuation achieved through pond storage opportunities 
identified using JRAFF are being stored in a geodatabase called the ‘JRAFF library’. 

 

Data and model outputs  

Model outputs included: 

• updated JFLOW blanket rainfall model with current and WwNP scenarios for surface water 
modelling (see Hankin et al. 2008) 
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• updated JFLOW fluvial approach (used to derive the original Flood Map in 2004) with different 
scenarios modelled to reflect changes to channel capacity, urbanisation and land use 
management  

• use of GIS tool in JRAFF to identify opportunities for storage of water – also identifies potential 
peak flood attenuation as a function of WwNP opportunity storage and catchment descriptors 

 

Model performance  

A geodatabase of catchment performance with and without catchment storage has been built up. 

4. Lesson learnt  
 
Choice of tools  

• The blanket rainfall approach used in the generation of the Flood Map for Surface Water  
considers primarily surface water flooding and only considers soil losses by subtracting these from 
the rainfall storm profile. While this allows for a changing percentage run-off through the storm 
event, base flows are not explicitly modelled. 

• The approach adopted helps to strategically identify relatively easy locations to store additional 
water (at locations where extreme flood water ponds are anyway) and ti understand the levels of 
attenuation that are subsequently possible.  

• Generic but significant statistical relationships were found between attenuation and the 
explanatory variables of extra storage and several catchment descriptors. Although this was based 
on only around 20 subcatchments, with more modelling this approach would scale nationally to 
make use of the national 2m resolution Flood Map for Surface Water . 

• Currently the approach adds a maximum of 1m additional storage at areas of ponded water, 
whereas it might be relatively easy to increase this to 2m – the maximum used in the Holnicote 
case study.  

 
Catchment scale and typology  

The approach developed in this project enables upscaling of information learnt about attenuation using 
detailed modelling to the regional or national scale using national datasets. 

The typologies of the different headwater catchments investigated were taken into account in that the 
flood estimation takes into account the catchment descriptors such as SPRHOST and BFIHOST, 
which are strong indicators of different typologies. 

Wider benefits  

Long-term annual average agricultural and property damages were computed using the JBA in-house 
software called FRISM which implements the depth damage curves of the Multi-Coloured Manual 
developed by the Flood Hazard Research Centre at Middlesex University. The study also estimated 
the percentage area of catchments that the enhanced pond storage would need to occupy so that the 
dis-benefits of land sacrifice could be assessed.  

The approach focused on agricultural damages saved but will also demonstrate the ecosystem 
benefits and dis-benefits associated with wetland creation and pond storage. Ecosystem services are 
discussed in relation to the WwNP land use changes. These are essentially:  

• Wetland – improve wetland connectivity to construct seasonal or permanent features that store 
water, increase biodiversity and create green networks 

• Storage areas – areas where existing storage could be expanded or new storage created to 
reduce the volume water in the channel 

• Riparian woodland – investigated through modelling the impacts of tree planting in the areas 
identified by the Woodlands for Water approach (see Woodlands for Water case study) 

 
Future research needs  

A significant relationship was found between attenuation metrics (time-to-peak and peak flow 
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reduction) and the amount of storage, area, and FEH descriptors (SPRHOST, BFIHOST, URBEXT) for 
the Ray catchment headwaters. This was applied to other headwater catchments in the rest of 
Oxfordshire. The relationship needs to be made more universal by incorporating the results from 
modelling from more catchments with different FEH descriptors before it could be applied, for 
example, nationally. 

The approach could be applied to a range of WwNP measures, including soil improvement and 
afforestation. The approach provides one way to understand how attenuation for particular measures 
might change with catchment scale and typology. 
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Project background  

This case study relates to information from project SC120015 'How to model and map catchment 
processes when flood risk management planning'. 

It was commissioned by the Environment Agency’s Evidence Directorate, as part of the joint Flood and 
Coastal Erosion Risk Management Research and Development Programme. 

Project manager: Lydia Burgess-Gamble, Evidence Directorate 

Research contractors: Barry Hankin (JBA), Sebastian Bentley (JBA), Steve Rose (JBA), Keith Beven 
(Lancaster University), Trevor Page (Lancaster University), Mark Wilkinson (James Hutton Institute), 
Paul Quinn (Newcastle University) and Greg O’Donnell (Newcastle University). 

For more information contact: fcerm.evidence@environment-agency.gov.uk 

 

 

 

 

 

mailto:fcerm.evidence@environment-agency.gov.uk

