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Executive summary 
 

The executive summary is structured according to the four requirements for funding that 

were set out by the Defra £15M NFM programme when it was launched. All the data in this 

report was provided by the organisations who ‘built’ the NFM. Each of the 60 projects was 

typically made up of 100s of NFM assets and the delivery organisation recorded every one of 

the assets that they created. Along with the location of each asset key information including 

the type of asset, the estimated FCRM benefits, photos and costs were also recorded. The 

resulting dataset is a significant resource which can be used to understand NFM delivery. 

The aim of the evaluation is to identify key data that can be used to guide future policy and 

funding decisions; improve the design of the monitoring and evaluation tool and spot 

knowledge gaps that still need to be filled. The summary is structured in a headline style so 

that it is easy to access the key learning from the evaluation. Each finding has a headline in 

bold followed by an explanatory narrative and concludes with a reference within the report. 

Each section in the report provides details of the analytical approach taken; the assumptions; 

the detailed data extracted to support the key learning and a narrative around the reliability 

of the data.  

Reduce flood and/or coastal erosion risk; 

0.00 Almost 4500 NFM assets were delivered by the programme. Knowing what the assets 

are; their location and type is the key piece of information. This will allow the partnerships 

and/or communities to value, adapt and maintain these assets in the future so long as they 

are able to access and manage the data. The tool was accessed and used by a variety of users, 

and, with a little support and training, it was easy to use even for small community groups. 

This data has already been used to run model scenarios in the NERC NFM program including: 

What impact will NFM have on peak flow if we deliver twice as much NFM as during the Defra 

£15M program. Section 3.1 

0.01 The NFM assets significantly increased the ‘roughness’ within the catchments which 

slows the flow and delays the flood peak (Total Area ~900 ha). The vast majority of this 

increase in roughness comes from the ‘Soil and land management’ NFM type which was 

applied over a large area. Increasing roughness delays the flood peak but does not reduce 

peak flow. Delaying the flood peak can reduce peak flow if it de-synchronises flow from 

contributing sub-catchments. For many types of asset (e.g. tree planting) the area of 

roughness was simply the same area as the asset itself therefore the median area of 

roughness per asset is not particularly meaningful. However, for leaky barriers it will be 

important to distinguish between in-channel roughness and wider floodplain roughness in 

future versions of the tool. In-channel roughness is likely to be far more effective at slowing 

the flow than wider catchment roughness simply because a far greater volume of flood water 

comes into contact with 1m² of in channel roughness than 1m² of catchment roughness. The 

change in roughness would be a useful added measurement only requiring an estimate of the 

pre-existing condition. Section 3.2 
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0.02 Losses of water from the flood peak, either into groundwater or the atmosphere, 

created by the NFM are also significant (Total Area 40 ha). Again, the majority of the area 

associated with this change in losses comes from the ‘Soil and land management’ NFM type 

which was applied over a large area. Increasing losses reduces the flood peak but does not 

delay it. The area of losses is normally the same as the area of the asset therefor median area 

of losses is not particularly useful. The change in losses could be a useful added measurement 

however, it would be extremely difficult to estimate and would therefore be of limited value. 

Section 3.3 

0.03 New storage provided is probably the most meaningful measure of flood benefit (Total 

storage 500,000 m³ plus 1,200,000m³ for the Havergate Island lagoon). The volume of 

storage is significant and will reduce the peak discharge; delay the peak flow and extend the 

recession. The range and median storage per asset type is a useful guide for some assets 

where the dataset was large enough (Leaky Barriers 14m³ – median storage, n=3179) which 

can be used in funding applications and in REPLENISH calculations to support blended and 

green finance approaches. Although the storage provided is cost effective (see 0.11 below) it 

will be difficult to accurately targeted the storage at the right part of the flood hydrograph. 

Adaptive management approaches are likely to be the best way to refine and improve the 

performance of the storage benefits and this should be written into green financing 

arrangements to make them workable. Section 3.4 

0.04 Quality checking of the data provided is critical if meaningful total values of benefits 

are to be calculated. The tool includes automatic checks which flag up warnings when 

‘unrealistic’ values for benefits are entered. However, this cannot prevent, only reduce, 

errors. Quoting median values reduces the impact of extreme values on the figures presented 

in this report. Particular care has been taken when calculating total values of benefits. For 

each calculation of a total value the top 10 values have been inspected to see if they are 

reasonable, given all the other data collected for that asset, and removed if not. In the case 

of storage one asset, a coastal lagoon had a reasonable, but unrepresentatively high value of 

storage and was therefore removed from the total. The quality checking also highlighted the 

fact that some questions were poorly posed, which lead to different interpretations. It will be 

important to ask questions with more precision in future versions of the tool and continue to 

provide training. Section 2 and the QA approach for each individual evaluation. 

0.05 Most of the poor-quality data was provided to the team in spreadsheets using different 

data proformas. This highlights the value of the AGOL tool in creating a more consistent and 

useable data resource. Data uploaded from spreadsheets typically had very little information 

even if the data schema was used.  Section 2. 

0.06 Change in flow pathway was cited as a benefit in only 17% of NFM assets. This benefit 

is very important and potentially provides an immediate, significant, and recognisable benefit 

from NFM to reduce flood risk. It is clear that this question or the guidance needs to be 

improved in future versions of the tool so that NFM which directly benefits property, 

infrastructure or valuable farmland can be recognised, also see 0.04 above. Section 3.5 
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0.07 Reduced erosion is cited as a benefit from ~30% of NFM assets. This appears to be low 

and suggests that the question or the guidance needs to be improved to include erosion and 

sedimentation, see 0.04 above. Again, this is a highly visual and immediate benefit of many 

NFM assets which will be recognised by most flood prone communities. The fact that over 

30% of NFM assets have no answer to this question reinforces the conclusion that the 

question is poorly understood. It is also possible that some types of NFM, which could provide 

this additional benefit, are not being designed as well as they could be. The publication of the 

CIRIA guide in early 2022 should reduce this risk and the design guide should be linked to 

future versions of the tool. Section 3.6 

0.08 The cost of NFM per asset is useful for some types of NFM (Leaky Barriers median cost 

£180, n = 3127). Cost data for most NFM depends on scale and as such the range is more 

useful e.g. River restoration 25%ile (£1000) to 75%ile (£28,000). A significant minority of 

assets were attributed with a zero cost, this is unlikely to be true and suggests that future 

versions of the tool should include more precise guidance to make the cost information 

reliable. Section 3.7 

0.09 The cost of NFM asset per hectare is useful for some types of NFM e.g. Riparian 

woodland 25% (£4,500) to 75%ile (£26,000) and could be used to develop proposals in the 

future or audit proposals to ensure that they provide value for money. Costs for soil & land 

management 25%ile (£25) to 75%ile (£53,000) are not helpful because the NFM type 

encompasses too many different sub-types of intervention. Again, improved guidance should 

make this data more useful in future versions of the tool. Section 3.7 

0.10 The cost per m length of NFM assets could be useful e.g. Bunds 25%ile (£45 )to 75%ile 

(£400 ) and Headwater drain management 25%ile (£60) to 75%ile (£240) to estimate future 

project costs and audit proposals to see if they are in-line with typical practice. This data was 

extracted from the tool based on the existing data fields. Section 3.7 

0.11 Cost data per benefit data is interesting but likely to be of limited use because NFM 

assets are so variable in scale and hydrological setting. The data from Leaky Barriers is the 

only asset within the current database that could provide meaningful data from this dataset, 

median value £12 per m³ of storage (n = 3127). As more data is entered into the tool and 

there are larger datasets for other assets reliable data may emerge for those assets too. Cost 

per benefit data for roughness and losses is the same as the cost per area calculated. Section 

3.8 

0.12 Cost of NFM storage from Leaky Barriers compared to engineered storage is useful and 

highlights how cost effective NFM can be (Engineered £100/m³ vs NFM £12/m³). The fact 

that costs are an order of magnitude different provides confidence that these features are 

indeed providing FCRM with value for money, especially when we consider the additional 

FCRM benefits of roughness, losses, reduced erosion/increased sedimentation and 

potentially changing flow pathways. It is important to repeat that engineered flood defenses 

will always form the majority of flood defense works and that timing the filling of storage in 

NFM features cannot be controlled as well within NFM as it can be in engineered solutions. 

However, adaptive management of assets in the future could overcome this issue and make 
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NFM excellent value for money for FCRM as an increasingly significant element of FCRM 

plans. The additional benefits of NFM for recreation, biodiversity etc. support the scaled-up 

use of NFM within the FCRM investment program. Sections 3.8 & 3.9 

0.13 Over 80% of NFM is effectively targeted. This is a critical data point. The data on efficacy 

collected by the tool is not as reliable as it could have been; this question and the training to 

go with the tool needs to be improved. However, this data was used in the Wyre Investment 

Readiness Project, Annex 5, to help delivery organisations to build 20% of NFM 

opportunistically which is important while still making sure that 80% is targeted so that it is 

the right NFM in the right place. This metric needs refining but is absolutely key to the 

targeted delivery of NFM in the future, allowing partnerships to start delivering NFM straight 

away but increasingly target it as the evidence becomes available. Evidence based on 

predictive modelling is the most likely to liberate significant funding and underpin the 

creation of a ‘market’ for NFM. Section 3.13 

0.14 The quality of flood benefit data provided is variable e.g. estimates of the volume of 

storage. The tool included a number of quality checks, however these cannot prevent small 

amounts of erroneous data being entered into the database. The use of %iles in this analysis 

minimizes the impact of this erroneous data. Where totals have been quoted the top ten 

values have been manually inspected to ensure that they are feasible and unreliable data has 

been removed. As more data is entered into this database the impact of poor quality data on 

the usefulness of the data to support policy and research will be reduced. 

Improve habitats and increase biodiversity; 

0.15 The improvement in habitat is difficult and time consuming to quantify in this tool and 

provides little benefit for the partnership. Very little data was provided by the partnerships 

(apart from the initial estimates before the projects were started). It is recommended that 

future versions of the tool investigate the approach taken in the CIRIA B£ST tool as this may 

provide a consistent way of identifying this wider benefit. It has been noted how powerful the 

’Habitat created’ dashboard would be within the current tool if it was based on better data 

and NFM assets could be recorded as polygons rather than points Ref section 4 

0.16 Bio-diversity net gain (Defra V3.0) potentially provides a much better rationale for 

recording habitat improvement as it generates bio-diversity credits. This is exactly the 

approach being followed in the Wyre Investment Readiness project, Annex 5, and is 

potentially a more pragmatic way of targeting and quantifying this benefit in the future. For 

future versions of the tool the data collection proforma could be changed to accept 

biodiversity credit information calculated by the net gain calculator. Ref section 4 

Promote partnership working. 

0.17 It is difficult to quantify the partnership benefit of each project as very little data was 

provided via the AGOL tool. Again, any data that was provided was in the case studies 

required by the EA. However, it is clear that partnership working is critical to the success of 

any NFM project. Ref section 4 
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0.18 The annual CaBA monitoring and evaluation report is potentially the appropriate place 

to identify the partnership benefits of NFM along with all the other projects delivered by 

CaBA partnerships. The evaluation model used by CaBA since 2015, was designed by social 

scientists at the Open University, and realistically provides a much better annual evaluation 

of the benefits of all the partnership working. Ref section 4 

Contribute to research & development; reducing the evidence gap for NFM;  

0.19 Data from the tool was used by the NERC funded Q-NFM project to derive realistic 

scenarios of future NFM delivery. This shows the power of the tool to provide data which can 

then be used in research. This increases the potential collaboration between research and 

delivery organisations and increases the impact of research. 

0.20 The permitting of NFM in ordinary watercourses, was not identified as a barrier to 

delivery. Greater than 80% of assets were easy to permit and less than 1% were identified as 

hard to permit. This contradicts the anecdotal data at the start of the program which 

identified local authorities as extremely reluctant to permit NFM assets. Flood plain wetlands 

and riparian tree planting were identified as the main interventions which were hard to 

permit but the low numbers in this group make the data unreliable. Ref section 3.10 

0.21 The permitting of NFM in main water courses was identified to be more difficult with 

only 30% assessed as easy. This may suggest that there is reluctance in EA permitting teams 

to permit NFM or it may just be a reflection of the greater flood risk associated with a main 

water course. Again, riparian woodland and floodplain wetland were identified as the hardest 

NFM interventions to permit, however, the dataset is too small to be confident that this is a 

real issue for these types of NFM. This suggests that there may be a need to build capacity 

both within the EA and partnerships to correctly identify the flood risks associated with these 

interventions. This issue has been highlighted recently in work being funded by the Climate 

for Nature fund whereby riparian planting on main rivers has been removed from the 

opportunity map (Riparian Shade data) to reduce any issues with permitting. This represents 

a potentially significant loss of opportunity to reduce flood risk and rising river water 

temperatures associated with climate change. Ref section 3.11 

0.22 The vast majority of NFM is delivered in ordinary water courses which means that there 

is a massive opportunity being missed in the wider catchment. It is not surprising that over 

70% of NFM is targeted at ordinary watercourses, however, the fact that only 11% is targeted 

at the wider catchment, where the vast majority of the opportunity is, means that there is 

great potential to expand the scale of NFM delivery in the future. This coupled with the 

identification that the large-scale increases in catchment roughness and losses are all 

associated with catchment interventions underlines this wider potential opportunity. Only 4% 

of NFM was delivered in main water courses, this may simply be a reflection of the increased 

flood risk or may be the result of permitting difficulty from the EA, see 021 above. Ref section 

3.12 

0.23 The multiple benefits that are associated with NFM, and are semi quantified in the EAs 

WWNP evidence base, were poorly captured by the partnerships in the AGOL tool. In 

general, all the project level reporting was poor. It is possible that the case studies required 
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by the EA were an easier way to capture this softer data although the analysis of case studies 

is considerably more difficult and less comparable than it would have been if the AGOL tool 

had been used. What little data that was provided (which used the benefit wheels developed 

by the EA in their WWNP evidence base) was weak and would not provide meaningful data. 

This suggests that this semi-quantitative approach should be reviewed and improved before 

it is used in future versions of the tool. Monetising the benefits through appropriate use of 

the B£ST tool may be a pragmatic approach in the future. Ref section 4 

0.24 The REPLENISH value of NFM potentially provides a much better rationale for recording 

the Water Quality and Water Resource value of NFM as it generates water stewardship 

credits. This is the approach being followed in the Wyre Investment Readiness project and 

could be incorporated into future versions of the tool. Ref section 4 
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1 Background 
 

In the Autumn Statement (2016), Defra announced £15 million of government funding for 

natural flood management (NFM) schemes across England. There were 26 catchment-scale 

projects and 34 community-led projects that were included in the scheme. The CaBA 

Technical Team developed an online tool (see Figure 3.0) to coordinate monitoring and 

evaluation of the projects, which is planned to remain active and improved over coming years. 

The tool has already been extended to cover projects funded from other sources including 

Highways England. 

A key requirement of the funding was that projects were monitored. DEFRA required 

information on the extent to which these projects: 

 

1. Reduced flood or coastal erosion risk to homes  

 

2. Improve habitats and increase biodiversity  

 

3. Support and develop partnership working with and between communities  

 

4. Contribute to research and development 

 

Monitoring of these projects is also an action within DEFRA's 25-year environment plan 

which states: 

 

 

 

Actions we will take include learning from the £15m 

Natural Flood Management funding to develop our 

knowledge, identifying and promoting practical 

solutions for local implementation. 

 

 

About the NFM Monitoring & Evaluation Tool 

https://www.theriverstrust.org/
https://theriverstrust.maps.arcgis.com/apps/MapSeries/index.html?appid=5086d50ehttps://theriverstrust.maps.arcgis.com/apps/MapSeries/index.html?appid=5086d50ee3bc49f1bd25b039c7129c1ae3bc49f1bd25b039c7129c1a
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The Monitoring & Evaluation tool was co-designed with both experts in the Environment 

Agency and the catchment partnerships. Draft ‘attribute’ tables were presented at a series of 

CaBA workshops where partnerships were able to identify and prioritise the type of data that 

would be collected. As the tool developed it was tested on delivery organisations to ensure 

that it worked correctly, and it was pre-populated with all the data submitted with the NFM 

applications. The tool included a ‘feedback’ tab which allowed users to highlight problems to 

the developer team and a series of workshops were given to train all the partnerships how to 

fill in the tool. Finally, the CaBA team also provided a helpdesk which gave support to 

individual partnerships who were having problems using the tool including field trips. 

Frequently asked questions were included within the tool and updated as required.  

 

Figure 1.1 An illustration of the NFM Monitoring & Evaluation Tool  
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2 Data and quality checks 
 

A static version of the database was exported on the 22nd June 2021. The statistics in the 

following report relate to that database which only included the Defra funded projects. A 

series of quality checks were performed on the whole dataset to identify potentially 

erroneous and/or un-representative data. This process revealed that many records have one 

or more data issue, but still contained useful information which should be incorporated into 

the evaluation. As a result, bespoke QA tests were used for each component of the evaluation 

to ensure that only meaningful data was included. Typically, the tests included: 

• Exclusion of unrepresentative or obviously erroneous data e.g., any asset with zero 

cost was excluded from evaluations around the cost of assets. 

• Where the dataset is skewed by extreme values, percentiles were used rather than 

averages. 

• Where totals are calculated the top ten records with extreme values are inspected 

to see if they are representative and excluded if not. Data is only excluded if it is 

deemed to be erroneous. 

• Where data is excluded from the evaluation the number of records is noted 

alongside the test. 

• Questions that resulted in significant numbers of poor-quality responses were 

identified. The reliability of the associated data was noted in each section.  

A link to the dataset used in this analysis is available below. The dataset was live for editing 

by users until December 2022. The data used in this report was downloaded from the live 

NFM asset database on the 22nd June 2021.  See appendix 3 for further processing notes.  

NFM Assets Public Hosted View Layer 

The latest dataset is now available on the updated CaBA NFM Hub which replaces the NFM 

Monitoring & Evaluation Tool where most of the legacy data has been moved across to unless 

the data sharing agreement did not allow for this. Terms of use are described on the online 

feature layer.  

CaBA NFM Hub 

The QA tests used for each section are described along with the total number of records used. 

Any conclusions as to the reliability of each piece of data are reported at the end of each 

section and inform the headlines in the executive summary.  

 

  

https://theriverstrust.maps.arcgis.com/home/item.html?id=bad3966806664f4697826872a5c3a325
https://nfm-theriverstrust.hub.arcgis.com/
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3 Hydrological Change 

3.1 Number of assets (FR1) 
Twelve categories were listed in the Natural Flood Management Tool. These are shown in the 

following chart (Figure 3.1), with 4483 assets delivered in total. Leaky barriers make up the 

greatest number of assets which have been installed as part of the DEFRA £15M fund (n = 

3127), followed by cross-slope woodland creation (n = 379), offline storage areas (n = 238), 

and headwater drainage management (n = 173). There were 290 assets which were not 

categorised in the raw dataset as of the date of extraction. The least adopted NFM 

intervention was saltmarsh and mudflat creation with only one asset identified within the 

dataset. The following chart summarises the scale of delivery in terms of the number of each 

type of assets but does not differentiate according to the size of the asset. 

 

Figure 3.1 The categories of assets which were installed as part of the Defra £15M project. The data shown in the chart is 
raw data which shows the number and type of assets across the entire recorded dataset extracted from the ArcGIS Online 
NFM Monitoring and Evaluation tool. 

This graph provides a basic summary and allows us to see the relative popularity of different 

measures. The reliability of any conclusions from the data will depend on the sample size 

and this is noted in the following sections. This data could be misleading because: 

➢ It does not allow us to see the scale of the intervention, i.e. a small leaky barrier and 

10Ha of woodland are potentially both just one asset.  

➢ Some ‘types’ of NFM include a wide range of different intervention e.g. Soil and Land 

management. 
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3.2 The average area of roughness created for 

different natural flood management intervention 

types (FR3) 
The following graph, figure 3.2, shows the median area where the hydraulic roughness or 

Mannings n, has been increased. The data is grouped by NFM asset type. The data includes 

zeros, but null values are not included in the calculation. The dataset also includes 

erroneously high values, however, the median is insensitive to these values. See Appendix 1 

table A1.2 for the full information.  
 

 

Figure 3.2 Area roughness (m2) by NFM asset type with zeros included in the calculation, null values are removed. 

Although this chart tells us something about the typical scale of the five largest interventions 

by area, the total area where roughness was increased, of over 900ha, is a more useful 

measure of the hydraulic value of the NFM delivered. The area data input into the tool 

required considerable QA before it was usable. User feedback during the tools development 

had requested that areas could be input either in hectares or m² however, this lead to some 

errors where users selected the wrong unit for their data entry.  In the next iteration of the 

tool the user should draw a polygon of the area of the intervention to minimise QA issues. 

Graph 3.2 could be misleading because: 

➢ For many types of assets, the area of roughness is the same as the area of the asset. 

The median therefor just tells us the median size of the interventions and is not that 

useful. 
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➢ There is no differentiation between in-channel roughness and floodplain or catchment 

roughness. This is a particular issue for leaky barriers. This intervention has been left 

off the graph above because the data collected is not meaningful. 

➢ Some leaky barriers are attributed the area of roughness from the entire upstream 

catchment, while others simply use the X-sectional area of the asset. This highlights a 

need for more consistent guidance within the tool. This data has been left of the 

graph. 

➢ We do not know the change in roughness i.e. there would be a greater change from 

arable to catchment woodland than there will be from arable to soil and land 

management  

 

3.3 The average area of losses created for different 

natural flood management intervention types (FR3) 
The following chart, figure 3.3, shows the median area of losses (this means water lost from 

the flood hydrograph either by drainage to groundwater or evapotranspiration into the 

atmosphere) created for assets grouped by NFM intervention type. Zero values have been 

included in the calculation however, null values have been removed. The dataset also includes 

some erroneously high values however, the median is insensitive to these values. See 

Appendix 1, table 1.3 for the full information.  
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Although this chart tells us something about the typical scale of each intervention the total 

area over which losses where increased, of over 40 Ha, is a more meaningful measure of the 

hydraulic value of NFM. Graph 3.3 could be misleading because: 

➢ For many types of asset the area of losses is the same as the area of the asset. The 

median is not that useful, however, the total area is useful. 

➢ We do not know the change in losses i.e. there would be a greater change if arable is 

replaced with catchment woodland than there would be if land management and soil 

management interventions are implemented on arable land use. 

➢ There is potentially benefit in distinguishing between evapotranspiration/ 

interception and increased groundwater recharge, as the later is a significant potential 

benefit for water resources in stressed catchments. The REPLENISH approach may 

provide a consistent quantification of this benefit. 

➢ There is clearly a lack of consistency between estimates of roughness and losses. 

Woodland areas should have the same area for roughness and losses, however, this is 

not always the case. This probably highlights a need for more training or requires 

feedback from partnerships about why an area of woodland is providing increased 

roughness but is not providing additional losses. 

Figure 3.3 Median losses (m2) by NFM asset type with zeros included in the calculation, null values are removed. 
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3.4 The average volume of storage created for different 

natural flood management intervention types (FR3) 
The following chart, Figure 3.4, shows the median area of storage (m³) created by the asset, 

grouped by NFM intervention type. The data includes zeros, but null values are not included 

in the calculation. The dataset also includes erroneously high values however, the median is 

insensitive to these values. See Appendix 1, table 1.4 for the full information. 

The total volume of flood storage provided by the NFM was over 500,000m³ (1.7Mm³ if the 

coastal lagoon was included. Although graph 3.4 tells us something about the typical scale of 

benefit within some intervention types it could be misleading because: 

➢ It is not related to the scale of the intervention. Comparing the scale of benefit from 

10Ha of floodplain restoration with that from one leaky barrier tells us little about the 

relative benefits of these two intervention types 

➢ It does not tell us when this storage is accessed during an event and therefor how 

effective the storage is at reducing peak flow.  

 

Figure 3.4 Median storage (m3) by NFM asset type with zeros included in the calculation, null values are removed. 
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3.5 Has the flood pathway changed for different natural 

flood management intervention types? (FR3) 
 

Figures 3.5 and 3.6 show the responses to the question ‘Has the flow pathway changed?’ i.e. 

has the NFM asset changed the flowpath of the flood water? Data in Figure 3.5 shows all 

twelve interventions across the entire recorded dataset extracted from the database. See 

Appendix 1 table 1.5 for the full information  

 

This data is useful because it shows that 65% of NFM assets have not be designed to change 

the flow pathway or that the delivery organisation does not appreciate that they will change 

the flow pathway.  Changing flow pathway can be an instant benefit to flooded communities 

and should be recorded, however, the question posed may lack precision and therefor is 

unable to pick this up. Nearly all NFM will change flow pathways as it is this change that slows 

the flow or increases roughness and losses.  

 

 

 

 

 

 

Figure 3.5 is a donut chart which shows the proportion of all NFM assets which have changed flood pathway. 
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The breakdown by asset type, Figure 3.6, is more informative. It shows that nearly all types 

of assets have been used to change the flow path in some instances, however, runoff pathway 

management and flood plain wetland restoration are the most common approaches taken.   

This figure provides additional evidence that the question was poorly understood as a 

significant percentage of interventions which would be expected to change the flow pathway 

(for example ‘runoff pathway management’ were assigned a ‘No’.  

 

These figures are helpful and in summary show: 

➢ The question was either poorly posed or poorly understood. ‘Has the asset 

reduced flood risk to property, infrastructure or agricultural land’ may be a more 

useful question to use in future versions of the tool as this FCRM benefit is the 

most obvious flood benefit that NFM can deliver. 

➢ That some NFM assets may not be designed properly because they are not 

delivering key benefits. The CIRIA guide, due to be published early in 2022, may 

help improve NFM design to maximise this benefit. 
  

Figure 3.6 is a stacked histogram showing the twelve NFM asset categories and whether they have changed flood path. The flood 
pathway data is shown as percentages of a total for each category. 
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3.6 Has the NFM asset reduced erosion? (FR3) 
The following charts Figures 3.7 and 3.8, show the responses to the question ‘Has the NFM 

asset reduced erosion?’. Overall 30% of interventions reduced erosion which highlights the 

wider water quality benefits of NFM.  

 

 

 

All types of assets have been used to reduce erosion, Figure 3.8 below, with the most common 

being all the types of woodland creation and runoff pathway management.  The fact that 

erosion reduction is not recognised as a benefit in a significant proportion of some 

interventions (river restoration and floodplain wetland restoration) highlights that the 

question was poorly understood and needs to be re-phrased to include erosion and 

sedimentation. 

In summary the data shows that 

➢ Around half of the NFM assets delivered, where the question was answered, are 

recognised to have a benefit for erosion. 

Figure 3.7 is a donut chart showing the count of NFM assets which have reduced erosion.  
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➢ The question needs to be improved to ask: Has the asset reduced erosion or increased 

sedimentation AND reduced flood risk to properties, infrastructure or farmland? It 

may also be helpful to define the types of erosion that are covered e.g. soil erosion 

from a field; bank erosion in stream and bed erosion in stream.

Figure 3.8 is a stacked histogram showing the twelve NFM asset categories and whether they have reduced erosion. The 
erosion data is shown as percentages of a total for each category. 



   
 

3.7 Cost per asset, per metre length or area depending on 

the type of intervention (FR1) 
This section looks at the cost of the twelve different NFM asset categories from the database. 

The tables below summarise the usable cost information provided by delivery organisations. 

For each type of asset any records that did not contain meaningful data were removed i.e. 

any null or zero records. Additionally, where cost per ha or cost per m are required any 

records with no information on area or length were also removed.  

 

 

 

 

Table 3.2  shows the cost per NFM asset in metres length for those assets with meaningful data. 

NFM Asset Type  Cost per m2 

(£) min 

1st 

Quartile  

per  m2  

(£) 

Cost  per  

m2  (£) 

median/ 

2nd 

quartile 

Cost 

Mean  

per  m2  

(£) 

3rd 

Quartile  

per  m2  

(£) 

Cost  per  m2  

(£)  max 

Number of 

assets used in 

calculation 

(meaningful 

data) 

Total 

number of 

assets in 

each NFM 

category 

catchment 

woodland 

creation  

0.00002  0.33 0.62  2.94   1.99 35.01 

 

42 55 

cross slope 

woodland 

creation 

0.06 0.41 0.50 1.13 0.77 10.42 33 53 

floodplain 

wetland creation 

0.00002 0.41 5.0 71.11 24.49 487.80 31 50 

floodplain 

woodland 

creation 

0.0125 0.34 1.30 287.54 3.26 4000 14 21 

soil and land 

management 

0.000002 0.00 0.01 3.03   5.30 17.77 

 

204 290 

Headwater 

drainage 

management 

0.001 0.01 0.04 1.58 0.16 58.90 59 238 

Leaky barriers 0.00 0.00 0.01 84.30 0.05 80,000 2246 3179 

Offline storage 

areas 

0.30 0.88 2.64 16.25 6.67 180 69 173 

River restoration 0.002 0.006 0.06 0.36 0.18 1.60 13 24 

Table 3.1 shows the cost of the NFM asset per hectare for those which had meaningful area data.  
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NFM Asset Type   Min 
Cost (£) 
per m 
length  

1st 
Quartile 
(£) per m 
length 

Median/ 2nd 
quartile (£) 
per m length 

Mean 
(£) per m 
length 

3rd Quartile 
(£) per m 
length 

 Max Cost (£) 
per m length  

Number of 
assets used in 
calculation 
(meaningful 
data)  

Total 
number of 
assets in 
each NFM 
category  

headwater 
drainage 
management  

2.50     61.11    150.00    296.50    240.00  5000.00         59  238  

leaky barriers  0.20  61.83  140.83  511.58  437.50  80000.00  2246  3179  

offline storage 
areas (bunds)  

0.03  45.55  141.25  412.22  400.00  3000.00  69  173  

river restoration  66.67  500.00  6250.00  12390.64  16666.67  55000.00  13  24  

 

In summary the main points from table 3.1 are: 

➢ The cost data is based on a small number of data points and should therefore be used 

with caution. 

➢ Cross-slope woodland appears to be the most cost-effective tree planting to deliver 

➢ Floodplain woodland is the most expensive tree planting to deliver 

➢ Costs associated with soil & land management are not meaningful due to the range of 

interventions. More meaningful cost information may be available from John Nix 

Pocket book 2021. 

➢ The very large maximum costs for ‘Leaky barriers’ are where users have aggregated a 

series of dams into one cost.  

In summary the main points from table 3.2 are: 

➢ Costs for headwater drainage management are reasonably reliable and could be 

used for project cost estimates. 

➢ Costs for bunds are reasonable well constrained and agree reasonably well with EA 

data for bunds used to store <500m³ of around £200/m. EA research project 

SC080039/RC 

➢ River restoration costs are not reliable enough to be used as they are based on a 

rather small dataset.  

➢ Leaky barrier costs per m width could be used for cost estimation. 

 

 

 

 

Table 3.3 shows statistics for costs per NFM Asset by type (zeros and nulls not included in the calculation) 
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In summary the main points from table 3.3 are: 

NFM Asset 

Type  

Cost (£) 

min 

1st 

Quartile 

Cost (£) 

median/ 

2nd 

quartile 

Cost 

Mean 

(£) 

3rd 

Quartile 

Cost (£) 

max 

Number 

of assets 

Number 

of zeros 

per 

category 

Number of 

NAs/Nulls 

catchment 

woodland 

creation 

100 1200 2000 5112 5000 33210 55 2 4 

cross slope 

woodland 

creation 

120 640 1245 3871 4400 22500 53 1 9 

floodplain 

wetland 

restoration 

1.0 773 1352 16700 10000 250000 50 0 0 

floodplain 

woodland 

creation 

500 600 2300 3330 5348 9000 21 3 3 

headwater 

drainage 

management 

1 100 187 626 400 98000 238 9 15 

leaky barriers 0 90 180 617 400 120000 3179 35 404 

not assigned 3480 3480 3480 3480 3480 3480 20 0 19 

offline storage 

areas 

1 850 2000 8786 5974 168000 173 13 2 

riparian 

woodland 

creation 

148 850 2000 4951 6075 31000 50 7 1 

river 

restoration 

200 1000 5000 18161 27874 70000 24 5 1 

runoff 

pathway 

management 

1 90 250 2358 1698 80600 379 13 18 

saltmarsh and 

mudflat 

management 

117571 117571 117571 117571 117571 117571 1 0 0 

soil and land 

management 

1 400 720 1547 1500 26200 290 1 16 
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➢ The cost per asset is not a particularly useful measure for most asset types as it is so 

dependent on the scale of the project. This is a particular issue when assets are 

aggregated, see below 

➢ Leaky barriers and headwater drainage are the most reliable costings. 

➢ Many assets were assigned a zero value which suggests that partnerships may only be 

attributing capital costs to some schemes. Questions related to cost may need to be 

refined in future versions of the tool. 

➢ Some maximum costs appear unrealistically large. These numbers were checked 

individually to see that they are meaningful. The explanations are give below: 

o Headwater drainage £98,000. Holcombe Moor - 377 stone and peat gully 

blocks”. Number of intervention was aggregated into one record. 

o Leaky barriers £120,000. 120 dams which were installed but put into the tool 

as one record. 

o Offline storage areas £168,000.  Attenuation pond, with permanent wildlife 
pond in center, located on Holland Road Farm, adjacent to the disused 
railway embankment. Controlled via a pen-stock throttle on the main 
watercourse, a low armored spillway into the pond which retains the wildlife 
feature pond at 10m AOD, and an armored spillway across the disused 
railway embankment set at 11.3m AOD, which is the maximum storage level 
of the feature. 

o Runoff pathway management £80,600. Stock Beck (Kendal) Benson Hall 
Water Divert 

 

3.8 FR1: Cost per benefit 
This section attempts to identify if a robust measure of ‘cost per benefit’ can be derived from 

the data. The asset type with the best dataset (Leaky barriers) was used for this analysis. 

Several different approaches were taken. 

Method 1 (LWDD): Cost per m3 storage £12 per m3 (median) (n = 2014) based on removing 

all ‘null’ and ‘zero’ values, based on the assumption that all assets must have a cost. A second 

calculation found cost per m3 storage £10 per m³ (median) (n = 2165). Null cost values 

changed to zero and included – null and zero storage removed. Both values compare well with 

the cost /m³ storage in EA research project SC080039/RC see below. 

Method 2 (LWDD): Cost per m² in-channel roughness £295 per m2 (median) (n = 771) based 

on assets with an area less than 10m² which should just capture instream roughness. This 

reduces to £150 per m2 (median) (n = 959) when records with null costs are changed to zero 

and used.  

Method 3 (LWDD): Cost per m² flood plain roughness £5 per m2 (median) (n = 298) based on 

assets with an area greater than 10m² because these records should represent floodplain 
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roughness created by the assets. This reduces to £4 per m2 (median) (n = 329) if nulls are 

changed to zeros for costs and zeros are included. 

This data is certainly useful as it gives an order of magnitude cost per FCRM benefit, however 

it can only be applied to relatively few asset types. 

3.9 FR1: Cost of NFM vs conventional FCRM 
EA research project SC080039/RC derived a regression equation for the cost per m³ of storage 

to allow realistic costs for new engineered assets to be calculated based on the size of the 

storage to be provided. Using this equation for small engineered storage solutions (< 1000m³) 

a cost in excess of £100/m³ can be derived which is an order of magnitude higher than the 

median cost of storage provided by Leaky barriers, 3.8 above.  

The same report also estimates typical costs for simple earthwork storage assets, where the 

smallest storage reservoirs with a volume between 20,000 and 40,000 m³ typically cost 

between £4.5 and £6/m³. These costs were based on 2008 prices and compare well with the 

estimated cost of leaky barriers in this study. Although this analysis is rather simplistic it does 

support the assertion that NFM can provide FCRM benefits at an order of magnitude lower 

costs than traditional engineered assets which suggests that NFM is reasonable value for 

money. If we consider the multiple benefits in terms of water quality, biodiversity, 

partnership building and local job creation within the rural economy these numbers suggest 

that scaling up NFM delivery using FCRM money will provide significant cost benefits.  

It is important to remember that engineered assets, although more expensive, are far easier 

to target to the most effective part of the hydrograph to reduce flood risk. This fact means 

that the apparent cost saving of NFM over engineered assets will be significantly less than the 

figures above imply. However, adaptive management of NFM has the potential to significantly 

improve the ‘design’ of assets so that they work optimally for the local conditions and 

associated flood risk. Supporting adaptive management of assets as part of the tool should 

be a priority for future versions of the tool.   
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3.10 FR1. How easy to get a drainage permit? (Ordinary WC) 
The difficulty of obtaining a drainage permit has been identified by catchment partnerships 

as a significant barrier to delivery of NFM, however, 84% rated this as easy (less than 1 day) 

so permitting by local Authorities does not appear to be a significant barrier to delivery. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.9 donut chart of all leaky barriers associated with an ordinary watercourse by land drainage consent difficulty. 

Figure 3.10 histogram of leaky barriers associated with an ordinary watercourse by land drainage consent difficulty. 
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Figure 3.11 histogram of all NFM intervention types which are associated with an ordinary watercourse by land drainage 
consent difficulty. Percentages are expressed as a proportion of each class of consent difficulty. 

Table 3.4 shows statistics for consent difficulty for NFM Asset Types (zeros included) 

Land drainage 

consent 

Difficulty 

Catchment 

woodland 

creation 

Floodplain 

wetland 

restoration 

Floodplain 

woodland 

creation 

Headwater 

drainage 

management 

Leaky 

barriers 

Offline 

storage 

areas 

Riparian 

woodland 

creation 

River 

restoration 

Runoff 

pathway 

management 

Soil and Land 

Management 

Blank 
    

1 
 

1 
 

3 
 

Easy 1 5 1 
 

19 7 6 1 8 
 

Moderate 
 

13 2 
 

69 5 1 2 4 1 

Hard 
 

3 
    

1 
 

1 
 

N/A 
  

1 1 3 2 1 
  

1 

 

In summary the key learnings from this analysis are: 

1. There are not enough records to make reliable conclusions 

2. Flood plain wetlands have significant multiple benefits and have been identified by 

Natural England as one of the most important ‘types’ of wetland to be promoted as 

part of nutrient neutrality, however, they may be difficult to consent. 

3. Riparian woodland may be difficult to consent. 
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3.11 How easy to get an environmental permit? (Main 

Water Course) (FR1) 

 

 

Figure 3.12  donut of all NFM intervention types which are associated with a main watercourse by ecological consent 
difficulty. 

Figure 3.13  histogram of all NFM intervention types which are associated with a main watercourse by ecological consent 
difficulty. Percentages are expressed as a proportion of all consents with the same level of difficulty 
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Table 3.5 shows statistics for consent difficulty for NFM Asset Types (zeros included) 

 

As anticipated it was significantly more difficult to get an environmental permit on a main 

water course, however, the sparse nature of the data does not allow us to identify with any 

confidence which asset types are particularly problematic to permit.  

In summary the key learnings from this analysis are: 

1. There are not enough records to make reliable conclusions 

2. Flood plain wetlands have significant multiple benefits and have been identified by 

Natural England as one of the most important ‘types’ of wetland to be promoted as 

part of nutrient neutrality, however, they may be difficult to consent.  

3. Leaky barriers require considerable effort to get permitted on main water courses 

4. Riparian woodlands may be harder to permit than would be expected. 

  

Ecological 
consent 
difficulty 

Catchment 
woodland 
creation 

Floodplain 
wetland 
restoration 

Floodplain 
woodland 
creation 

Headwater 
drainage 
management 

Leaky 
barriers 

Offline 
storage 
areas 

Riparian 
woodland 
creation 

River 
restoration 

Runoff 
pathway 
management 

Soil and Land 
Management 

Moderate 
 

14 
  

69 1 2 
 

1 
 

Easy 1 2 1 
 

13 10 6 3 11 1 

N/A 
 

4 1 1 9 1 1 
  

1 

Blank 
  

1 
 

1 
 

1 
 

3 
 

Hard 
 

1 1 
  

2 
  

1 
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3.12 Location of asset (FR1) 
Over 70% of assets are delivered on ordinary water courses and only 11% within the wider 

catchment. This shows that catchment scale delivery upstream of the flood risk needs to be 

promoted as this is where the greatest opportunity exists. It is also possible that significant 

opportunities exist to reduce coastal flood risk. 

 

 

Watercourse type Count of asset type 
Ordinary 3310 

Catchment 502 

Main 164 

Coast 2 

Blank 555 
 

Figure 3.14 donut chart showing the location of asset types (watercourse) across the entire Defra £15M 
NFM dataset. 



   
 

3.13 Flood efficacy (FR1) 
Partnerships were asked to grade each asset on how well it had been targeted to reduce flood 

risk. The question was aimed at identifying assets that were located opportunistically versus 

those that had been located based on local knowledge or modelling. In the future 

maintenance resource should be focused on well targeted assets.  

Targeting NFM so it delivers the right type of NFM in the right location to reduce flood risk 

has been critical to the Wyre NFM investment readiness payment model, Annex 5.  It is 

informative that 13% of assets were defined as having ‘Low’ efficacy as this suggests that 

partnerships already understand when their delivery is not well targeted (probably because 

it is opportunistic. In the Wyre NFM Green Finance project 20% of delivery was allowed 

outside of the most effective areas to allow ‘opportunistic delivery’ and allow for the fact that 

any targeting approach is a simplification of reality and could become a significant barrier to 

progress if it is applied too rigorously. It is acknowledged that this question, along with the 

guidance have not provided a consistent dataset and that a structured discussion with FCRM 

professionals to improve it would be beneficial and make it more consistent and therefore a 

more compelling component of the dataset that partnerships collect. 

A possible improvement on this question would be to ask: ‘Has the NFM been targeted to an 

area identified in the ELMS targeting maps or through the use of modelling to a location 

where the type of NFM is likely to be more effective. Plans to create ‘Damages avoided’ 

maps as part of NAFRA II are potentially an exciting and rigorous way to guide the delivery 

of NFM in the long term. Delivery of NFM outside these priority areas would still be possible 

but funding contributions from FCRM could be reduced to acknowledge the greater benefits 

to other environmental needs, e.g. water quality or water resources. 
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Flood Efficacy Count of all NFM assets 

Moderate 1638 

High 1154 

Low 602 

Blank 1139 
 

Figure 3.15 donut chart showing the flood efficacy for the entire NFM asset database from the Defra £15M project. 
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The analysis was repeated for leaky barriers and revealed a similar picture, Figure 3.16 below. 

 

  

Flood Efficacy Count of Leaky Barriers 

Moderate 1329 
High 824 

Low 291 

Blank 735 
 

Figure 3.16  donut chart showing the flood efficacy for leaky woody debris dams 
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3.14 FR4. Condition and maintenance 
The condition assessment that was included in the tool will be useful in the future. The data 

summarised in Figure 3.17 shows that most assets are in good condition, which is to be 

expected as the assets have been installed recently. However, the value of collecting this data 

can be seen already as it immediately directs adaptive management towards locations where 

NFM assets are poor quality and may need further work. The combination of this maintenance 

data with the ‘efficacy’ data collected in section 3.14 should enable a robust plan of adaptive 

management to be delivered which is targeted towards the NFM feature which are well 

targeted and require improvement. 

 

Figure 3.17 Asset condition by asset type 
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Table 3.6 asset condition grouped by asset type.  

Asset Type Good Asset 
Condition 

Moderate 
Asset Condition  

Not Assigned 
Asset Condition  

Absent Asset 
Condition 

Poor Asset 
Condition 

catchment woodland 
creation 

39 4 12   

cross slope woodland 
creation 

45 2 6   

floodplain wetland 
restoration 

43 2 5   

floodplain woodland 
creation 

15 2 4   

headwater drainage 
management 

111 127 25   

Leaky barriers 2413 156 549 25 36 
Offline storage areas 1 144 2 26  
riparian woodland 
creation 

37 2 11   

river restoration 18 1 4  1 
runoff pathway 
management 

296 18 61 2 2 

Saltmarsh and mudflat 
management 

  1   

soil and land 
management 

263 12 11 4  

Not assigned an asset 
type 

  20   
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4 Project information & feedback from the support and 

training provided 

 
There were 79 NFM projects in total funded by the £15M investment. Each project consisted 

of 10s if not 100s of individual NFM assets. The project level reporting focused on the wider 

benefits of NFM which could not be recorded per asset but might be assessable for each 

project by the lead delivery partner.  

The tool was pre-populated with data from the application, and this was summarised in the 

project dashboard. This summary data was identified as being visually very compelling in the 

Natural England workshop held by CDUG on the 14th  February 2022 (section 5). Feedback 

from this workshop suggested that had this data had been refined once the project had been 

delivered it would be extremely useful. However, very little project level information was 

reported via the AGOL tool. This is disappointing and potentially a missed opportunity, 

however, the Case Studies requested by the EA (mandatory for Catchment scale projects and 

advisory for community scale projects) provided similar ‘soft’ project level benefits 

information to that requested by the AGOL system. This case study information has been 

analysed and reported by the EA, separately. 

There are a number of options for project level reporting in the future: 

1. Focus on NbS assets only. No project level reporting 

2. Use industry standard calculators to quantify project level benefits 

3. Report project progress at an organizational level rather than per project 

Option 1: This is attractive because it focusses on the real assets and is therefore grounded 

in the tangible deliverable from any project. The tool has been successful at collecting and 

displaying asset level benefits. Feedback from the Wyre Investment Readiness project is that 

this is the information that will support and grow an NFM market. This market needs ‘buyers’ 

to feel confident enough to provide significant capital for NFM delivery because there is a 

payment model which gives them a return on their investment. The project level benefits 

either do not feature in this model or they are simply considered as ‘additional benefits’ but 

their value is not monetised. Typically, these additional benefits could satisfy CSR type targets. 

The downside of this approach is that the wider benefits of NFM will continue to be 

underplayed which will lead to a sub-optimal level of NFM delivery. During the co-design of 

the tool partnerships were very keen to record the wider benefits of their work. 

Option 2: Using a combination of the AGOL system for the NbS assets and industry standard 

approaches, such as the Biodiversity Net Gain calculator and REPLENISH for project level 

benefits. This should avoid duplication of effort by the partnerships and create a quantitative 

assessment of some of the wider benefits which is accepted by the industry and which can be 

sold. This is an attractive option as it supports but does not compete with the developing 
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markets for Ecosystem Services and could easily be extended to incorporate carbon and other 

markets. The downside is that this approach does not capture the softer partnership building 

and socio-economic benefits. 

Option 3: Use the existing CaBA monitoring and evaluation approach to capture the socio-

economic and wider benefits of partnership working. 

A combination of options 2 and 3 would appear to be the most pragmatic way of capturing 

the widest selection of benefits; monetising those that can be sold and recording those 

benefits that cannot be sold in a consistent framework that partnerships fill in every year so 

that policy makers are aware of the wider benefits of the work and partnerships have the 

opportunity to record these benefits.  

5 Feedback from the support, training and final workshop & 

recommendations for the next version 
The monitoring and evaluation tools was co-designed at a series of workshops with CaBA 

partnerships and NFM delivery organisations from 2015 onwards. The partnerships were 

asked to identify the key metrics that the tool should record. This list of metrics was further 

refined by working with the programme team at the EA. A Beta version of the tool was then 

tested with a small number of delivery organisation to make sure that it worked as required 

and was accessible to non-GIS users. 

Once the tool was launched a series of training events were held with delivery organisations 

to make sure that each project was aware of the tool; that it needed to be populated as part 

of the funding agreement and answer any questions that the teams had.  These training 

events highlighted a number of commonly asked questions which were incorporated into a 

FAQ section of the tool and the associated guidance document. It was mandatory for delivery 

organisations to fill in the tool for ‘assets’ but optional for ‘projects’. 

The tool included a feedback tab that allowed users direct access to the development team 

to ask questions, report problems and request 1: 1 support. Most of the support requests 

were focused around the use of the mobile app to upload data in the field. Some projects, 

which had delivered NFM before the tool was ready, requested bulk uploads of data from 

their own spreadsheets. 

A joint CaBA and Natural England facilitated workshop was held on the 14th Feb 2022 to 

identify the key characteristics that future versions of the tool should have. The workshop 

was organised through the Catchment Data User Group (CDUG) and attended by around 30 

members of the group from across the sector.  The seven characteristics that were identified 

by participants as recommendations for the next version of the tool were: 

1. Standardise the data fields that are used and include all types of NbS in future versions 

of the tool. Project RP1142 recently started by CIRIA (Asset Management for Blue 

Green Infrastructure) is an ideal opportunity to develop this standard.  

2. Interoperability of multiple systems rather than one system so that a national 

database of NbS emerges from multiple tools rather than one central tool. This will 
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allow the flexibility to collect ‘additional’ data to suit local needs and funders 

requirements but maintain and grow the ‘core NbS data’ which can be used as an 

evidence base. 

3. Spatial framework for all types of NbS not just NFM. The system must be map based 

and allow data to be edited by the data owner. 

4. Data quality should be explicitly recorded. The quality checks in sections 2 and 3 

indicate what the specific problems are likely to be. Future versions of the tool will need 

to address data quality more thoroughly. 

5. Sustainability both of the systems and the support and training. A number of 

attendees from government agencies identified that the non-governmental sector may 

be better placed to host these systems in the long term because they are less sensitive 

to changes in political priorities. This is especially true if the funding model blends 

finance from multiple sources including government. 

6. Ease of use and only ask for a minimum (core) of data is an obvious but important 

consideration. The evaluation of the NFM tool has shown that many data fields that 

could have provided ‘interesting’ data were not filled in. The quality of the data within 

these fields is so low that we gained nothing by incorporating them into the tool. Part 

of this ease of use 

7. Reusability of data is probably the most important characteristic of future systems. If 

we want delivery organisations to input data it needs to be useful to them; supporting 

their funding model and allowing them to adaptively manage and maintain the 

resources. 

 

The biggest opportunities identified at the workshop, if this type of system can be delivered 

were: 

1. Supporting green markets. The payment vehicle in the Wyre Investment Readiness 

project is based on a version of the existing tool. The buyers of services use the tool to 

identify that they have received the ‘services that they have paid for and Investors use 

the tool to ensure that; firstly they are repaid their capital investment (the assets have 

been delivered) and secondly that they get their return on investment (the assets have 

been delivered in the right place and are delivering the agreed benefits). Future 

versions of the tool will need to support the creation of a green market. Indeed the tool 

that will be launched in March 2022 for the Norfolk Water Security is designed to 

create this type of market.   

2. Policy & research need this evidence base if the appropriate level of investment in NbS 

is to be supported. The data from the current tool has already been used to run realistic 

model scenarios which allow policy makers to see the scale of NbS that will be required 

to meet key policy goals. 
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3. Adaptive management is required to improve and maintain the effectiveness of NbS 

so that they continue to provide and indeed increase the environmental benefits for 

which it has been designed.  
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Appendix 1 – Tables of Hydrological 

Change 
 

Table A1.1 NFM intervention type vs median area roughness per asset in hectares and m2. 

Asset Type  Median roughness in 
hectares including 
zeros 

Median 
roughness in 
hectares not 
including zeros  

Median roughness in 
m2 

Median roughness 
in m2 not including 
zeros 

catchment woodland 
creation 

0.3 0.3 3000 
3000 

cross slope woodland 
creation 

0.2496 0.2496 2496 
2496 

floodplain wetland 
restoration 

0.13625 0.13625 1362.5 
1362.5 

floodplain woodland 
creation 

0.1765 0.1765 1765 
1765 

headwater drainage 
management 

0.00066 0.000675 6.6 
6.75 

leaky barriers 0.0003 4.00E-04 3 4 

offline storage areas 0.02535 0.02535 253.5 253.5 

riparian woodland creation 0.6 0.6 6000 6000 

river restoration 0.008 0.008 80 80 

runoff pathway 
management 

0.009 0.0092 90 
92 

saltmarsh and mudflat 
management 

0 NA 0 
NA 

soil and land management 3 3 30000 30000 

 

 

Table A1.2 NFM intervention type vs median area losses per asset in hectares and meters squared. 

 

Asset Type Median losses (Ha) 

with zeros included in 

calculation 

Median losses 

(Ha) with zeros 

not included in 

calculation 

Median losses (m2) 

with zeros included in 

calculation 

Median losses 

(m2) 

catchment woodland 

creation 

0.35 

0.35 

3500 3500 

cross slope woodland 

creation 

0.2 

0.2 

2000 2000 

floodplain wetland 

restoration 

0.3 

0.3 

3000 3000 

floodplain woodland 

creation 

0.4 

0.4 

4000 4000 

headwater drainage 

management 

0 

0.000425 

0 4.25 

leaky barriers 0 0.0024 0 24 

offline storage areas 0.03 0.03 300 300 

riparian woodland 

creation 

0.2315 

0.2315 

2315 2315 
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river restoration 0.00075 0.0015 7.5 15 

runoff pathway 

management 

0.0125 

0.014 

125 140 

saltmarsh and mudflat 

management 

0 

NA 

0 NA 

soil and land 

management 

5 

5.3 

50000 53000 

 

 

Table A1.3 shows the average (median) storage in metres cubed for the twelve different NFM intervention categories. 

 

Table A1.4 shows the number (n) of asset types which have changed flood pathway per NFM intervention category. 

Asset Type Median Storage (m3) with 
zeros included in calculation 

Median Storage (m3) without zeros 
included in calculation 

catchment woodland creation 293.5 500 

cross slope woodland creation 50 100 

floodplain wetland restoration 500 500 
floodplain woodland creation 0 660 

headwater drainage management 0.35 2.8 

leaky barriers 13.1 14 

offline storage areas 480 480 

riparian woodland creation 3 48 

river restoration 277 277 
runoff pathway management 50 50 

saltmarsh and mudflat 
management 

0 NA 

soil and land management 0.2 35 

Asset Type Changed Flood Pathway n 

catchment woodland creation No 28 

catchment woodland creation Not assigned 16 

catchment woodland creation Yes 11 

cross slope woodland creation No 31 

cross slope woodland creation Not assigned 15 

cross slope woodland creation Yes 7 

floodplain wetland restoration No 18 

floodplain wetland restoration Not assigned 4 

floodplain wetland restoration Yes 28 

floodplain woodland creation No 14 

floodplain woodland creation Not assigned 4 

floodplain woodland creation Yes 3 

headwater drainage management No 76 

headwater drainage management Not assigned 136 

headwater drainage management Yes 26 

leaky barriers No 2355 

leaky barriers Not assigned 441 

leaky barriers Yes 383 

not assigned Not assigned 20 

offline storage areas No 81 

offline storage areas Not assigned 52 
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Table A1.5 shows the number (n) of asset types which have reduced erosion per NFM intervention category. 

Asset Type Reduced Erosion n 

catchment woodland creation no 8 

catchment woodland creation Not assigned 17 

catchment woodland creation yes 30 

cross slope woodland creation no 9 

cross slope woodland creation Not assigned 12 

cross slope woodland creation yes 32 

floodplain wetland restoration no 28 

floodplain wetland restoration Not assigned 11 

floodplain wetland restoration yes 11 

floodplain woodland creation no 7 

floodplain woodland creation Not assigned 5 

floodplain woodland creation yes 9 

headwater drainage management no 53 

headwater drainage management Not assigned 145 

headwater drainage management yes 40 

leaky barriers no 1285 

leaky barriers Not assigned 1148 

leaky barriers yes 746 

not assigned Not assigned 20 

offline storage areas no 59 

offline storage areas Not assigned 63 

offline storage areas yes 51 

riparian woodland creation no 4 

riparian woodland creation Not assigned 15 

riparian woodland creation yes 31 

river restoration no 14 

river restoration Not assigned 5 

river restoration yes 5 

runoff pathway management no 55 

runoff pathway management Not assigned 86 

runoff pathway management yes 238 

saltmarsh and mudflat management yes 1 

soil and land management no 41 

soil and land management Not assigned 53 

soil and land management yes 196 

offline storage areas Yes 40 

riparian woodland creation No 27 

riparian woodland creation Not assigned 19 

riparian woodland creation Yes 4 

river restoration No 14 

river restoration Not assigned 4 

river restoration Yes 6 

runoff pathway management No 77 

runoff pathway management Not assigned 51 

runoff pathway management Yes 251 

saltmarsh and mudflat management No 1 

soil and land management No 199 

soil and land management Not assigned 57 

soil and land management Yes 34 



   
 

 

Appendix 2 Description and examples of 

NFM Measures  
 

The following Natural Flood Management measures were used in the Defra £15M project.  

Catchment woodland creation 

Catchment woodland can intercept, slow, store and filter water. This can help reduce flood 

peaks, flood flows and flood frequency. Largest reductions in flood risk have been seen for 

small events in small catchments, the extent of this reduction decreases as flood magnitude 

increases. 

 

Figure 2A Catchment woodland creation on Dartmoor Headwaters.  

 

 

 

Cross-slope woodland 
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A cross-slope woodland is a woodland which is planted across a hill slope. It intercepts the 

flow of water as it runs down the hill reducing rapid runoff and encouraging infiltration and 

storage of water in the soil. There is an absence of measured data to show the flood risk 

impact of cross-slope woodland at the catchment scale.

 

Figure 2 Cross-slope woodland at Cocker catchment NFM project. 

 

 

 

 

 

 

 

 

 

Floodplain woodland creation 
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Floodplain woodland can slow floodwaters and increase water depth on the floodplain. This 

can help reduce flood peaks, delay peak timing, desynchronise flood peak and reduce peak 

height. It can also enhance sediment deposition on the floodplain. Floodplain woodlands 

have greatest flood risk effect in the middle and lower river reaches of medium to large 

catchments.

 

Figure 1 Floodplain woodland creation at River Soar Tributaries NFM near Croft.  

 

 

 

 

 

 

 

 

Riparian woodland creation 
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Riparian woodlands are planted on land immediately adjoining a watercourse, they can slow 

flood flows and can help reduce sediment delivery to the watercourse and reduce bankside 

erosion. They also have high evaporation losses and can create below ground water storage. 

Largest reductions in flood risk have been seen at the reach scale, in middle and upper 

catchments.

 

Figure 2 An example of riparian woodland creation at River Lugg and Wye integrated NFM. 

 

 

 

 

 

 

 

 

 

Soil and land management 
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Soil and land management techniques can reduce peak flow by slowing and storing surface 

water runoff and encouraging infiltration with the soil. They can include a wide range of 

different measures for example conservation tillage; early sowing of winter crops and cover 

crops; crop rotation; stocking density; vegetation cover; hedges including kested hedgerows 

and buffer strips. 

 

Figure 3 An example of a hedge which was planted as part of the River Lugg and Wye integrated NFM. 

 

 

 

 

 

 

 

 

Headwater drainage management 
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Headwater drainage management techniques can delay and flatten the hydrograph and 

reduce peak flow locally for small flood events by intercepting, slowing and filtering surface 

water runoff and encouraging attenuation and infiltration within the soil. They can include a 

wide range of different measures for example flow paths in fields; flow paths from tracks, 

paths roads and farms; flow paths in ditches; vegetation management; grip blocking and 

gully blocking. They usually work best as a cluster of features working as a network 

throughout the landscape. 

 

Figure 4 An example of headwater drainage management as part of the Dartmoor Headwaters NFM Project. The photo 
shows stone dams which are blocking a gully.  

 

Run-off pathway management 
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Run-off pathway management techniques can delay and flatten the hydrograph and reduce 

peak flow locally for small flood events by intercepting, slowing and filtering surface water 

runoff. They can include a wide range of different measures for example ponds, swales and 

sediment traps. They usually work best as a cluster of features working as a network 

throughout the landscape. 

 

Figure 5 runoff pathway management at North Yorks NFM - Backstones Beck. 

 

 

 

 

 

 

 

 

River restoration 
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River restoration reintroduces meanders to rivers and restores physical process. Making a 

river more sinuous can reduce flood peaks, water velocities and attenuate flow by slowing 

and storing flood water. The extent of this flood risk effect depends on the length of river 

restored relative to the overall size of the river catchment. 

 

Figure 6 River restoration project at Cairn Beck, Cumbria. 

 

 

 

 

 

 

 

 

Floodplain/wetland restoration 
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River floodplain restoration restores the hydrological connectivity between the river and 

floodplain, which encourages more regular floodplain inundation and flood water storage. 

This can decrease the magnitude of the flood peak and reduce downstream flood depths 

especially for high frequency, low return period floods. The extent of this flood risk effect 

depends on the length of river restored relative to the overall size of the river catchment. 

 

Figure 7  Rewetting of Challacombe meadow, Dartmoor Headwaters Project. 

 

 

 

 

 

 

 

Leaky barriers 



 
For thriving rivers and communities   54 
Defra £15m NFM Project evaluation 
   

Leaky barriers are usually formed of wood, and they are either formed naturally or are 

installed across watercourses and floodplains. They reduce flood risk by intercepting the 

flow of water in a river, this can help restore river-floodplain connectivity which can reduce 

flood peaks, slow water velocities and attenuate flow by storing water on the floodplain. 

 

Figure 8 a leaky woody debris barrier/dam 

 

 

 

 

 

 

 

 

 

 

 

 

Offline storage areas 
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Offline storage areas are areas of floodplain which have been adapted (with a containment 

bund, inlet, outlet and spillway) to store and then release flood waters in a controlled 

manner. They provide temporary flood storage which can reduce peak flow. The extent of 

their flood risk effect depends on the number of storage areas provided throughout a 

catchment and their total storage volume. 

 

Figure 9 Offline storage pond, Medway NFM Project. 

Saltmarsh and mudflat creation and management 

Saltmarsh and mudflats reduce and dissipate wave and tidal energy in front of flood 

defences and can extend their design life. They can reduce the forces impacting on flood 

defences, and also reduce tidal surge propagation and lead to slightly lower water levels at 

defences. 

Sand dune management 

Beach-dune systems form a natural barrier that reduce the risk of tidal inundation landward 

of the dune, they also act as reservoirs of sand to nourish beaches during storms. They act 

as a buffer protecting flood defence structures or cliffs behind from direct wave attack and 

erosion, this in turn enhances the design-life of other flood risk management infrastructure. 

They can also protect estuaries and lagoons through restricting the passage of storm surges 

and waves. 
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Beach nourishment (including sandscaping) 

Beach nourishment can maintain an effective form of coastal defence, but only if the beach 

is of sufficient width and level. Where beach systems become depleted this affects their 

flood risk management value. Beach nourishment is the process of adding material to the 

shoreline. It is undertaken to improve or restore beach and their coastal defence function, it 

helps retain the standard of flood protection to the section of coast where implemented. To 

be effective it is a long-term maintenance activity usually repeated annually. 
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Appendix 3 – Data pre-processing and links to the data used 

in analysis 
 

A link to the dataset used in this analysis is available below. The dataset was live for editing 

by users until December 2022. The data used in this report was downloaded from the live 

NFM asset database on the 22nd June 2021.  See appendix 3 for further processing notes.  

NFM Assets Public Hosted View Layer 

The latest dataset is now available on the updated CaBA NFM Hub which replaces the NFM 

Monitoring & Evaluation Tool where most of the legacy data has been moved across to unless 

the data sharing agreement did not allow for this.  

CaBA NFM Hub 

Terms of use are described on the online feature layers by following the link.  

All personal data has been removed. Data was downloaded from the live NFM asset database 

on the 22nd June 2021 as an Esri compatible file geodatabase. Prior to analysis, the data was 

modified in ArcGIS Pro using the following tools.  

Data was exported using the tool Table to Excel. In Excel, columns were renamed to remove 

spaces to ensure improved handling in R.  

All charts have been produced using the statistical software package R Studio.  

 

 

 

 

 

 

 

Appendix 4 - Summary tables for numeric fields of the NFM 

Asset Database 
Total records 4533 assets in database. Calculations performed in R, N/A values are not included in 
calculations.  
 

Field name Min 1st Qu Median Mean 3rd Qu.      Max.      Nulls  Number of 
records with 
data 

Area Rough (Ha)   0.000     0.000     0.001    14.576     0.024 3500.000      2633 1900 

https://theriverstrust.maps.arcgis.com/home/item.html?id=bad3966806664f4697826872a5c3a325
https://nfm-theriverstrust.hub.arcgis.com/
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Installed cost (£)  0 100 250 1686 600 250000 492 4041 

Stream Width (m)  0.00    0.90    1.20 2.74 2.00 250.00     2121 
 

2412 

Average member 
length in leaky 
barrier (m) 

0.50    2.00    3.00    5.44    5.00 419.00     2236 
 

4533 

Wood diameter 
in leaky barrier 
(cm) 

0.25    10.00    20.00    28.26   29.00 3512.00     2371 2297 

Height of leaky 
barrier above bed 
(cm) 

0.00    15.00       35.00    49.84    70.00 2000.00     2296 
 

4533 

Height of leaky 
barrier above 
bank (cm) 

2522.00      
 

0.00      5.00     21.23    30.00 15200.00     2592 2162 

Bund height (m) 0.25    0.80    1.00    1.49    1.50  30.00     4440 2237 

Bund width (m) 0.25    1.20    3.00    9.92    6.00 300.00     4459 4533 

Bund length (m) 1.00     9.00    30.00    81.13    87.00 1500.00     4450 1941 

Gully block length 
(m) 

0.00     
 

2.00     4.00    18.74    10.00   180.00     4472 93 

Gully block width 
(m) 

  0.00    
 

1.35   2.00    4.25    3.00   40.00     4453 74 

Storage created 
(m) 

0.0 5.0 16.0 629.6 50.0 1200000.
0 

1873 
 

83 

Area roughness 
(m2) 

0 2        12   145758 236 35000000 2633 61 

Area roughness 
(Ha) 

0.000 0.000 0.001 14.576 0.024 3500.000 2633 80 

Area of increased 
losses (m2) 

0 0 9 246003       300 11772000 3583 2660 

Area of increased 
(Ha) 

   0.000 0.000 0.001 24.600   0.030 1177.200 3583 4533 
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