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Introduction
In ‘A Green Future: Our 25 Year Plan to Improve
the Environment’ Defra stated our national
commitment to natural flood management. To
quote (from page 52): We are investing £15m up to
2021 to further explore the use of Natural Flood
Management, whose wider benefits include better
wildlife habitats, recreation opportunities and water
quality.

The action
following from
this states
Defra’s intention
to improve our
evidence.

The Autumn Statement (2016) had already contained Defra’s announcement of £15
million of government funding for 60 natural flood management (NFM) schemes across
England - 26 catchment-scale projects and 34 community led projects.
A key requirement of this funding1 is that project are monitored. DEFRA expects us to
report back to them to explain to what extent these projects:
1.
2.
3.
4.

reduced flood or coastal erosion risk to homes
improved habitats and increased biodiversity
supported and developed partnership working with and between communities
contributed to research and development

The Environment Agency currently reports to Defra on FCRM Outcomes using a range
of Outcome Measures. Outcome Measures 2 and 3 relate to risk to homes, whilst
Outcome Measure 4 reports tightly defined categories of habitat creation and
improvement. We have designed the monitoring programme to be able to extract the
Outcome Measures from the data collected.
The monitoring report to Defra is not due until 2021. At present we do not know how
Outcome Measures, as currently defined, might evolve to meet Defra’s stated intention
to make decisions in the future using a natural capital approach. We have designed the
monitoring to be able to extract what we predict should be reliable data that will be at
least ‘semi-quantified’.
In this guidance we encourage projects to communicate with each other about
monitoring, from the earliest planning stages, through implementation and into
reporting. This working document is intended to inform the project monitoring plans.
Please supply feedback that can then be incorporated into final version definitive
guidance, later in 2018.
1

Unless otherwise stated this is not automatically a requirement for the community projects funded by grants
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1.1

Why monitor?

Monitoring is going to take place on the projects. Catchment scale projects are required
to do more than the minimum simple level of monitoring. Monitoring will provide
information that can be amalgamated from a large number of projects, and data that is
specific to the project.
A national dataset
We don’t want to supply Defra with monitoring that is specific to each project but that
cannot be combined nor compared with any of the other projects, because the statistics
generated are incompatible.
As far as practicable we should aspire to produce monitoring that enables the data
from the various projects around the country to be both combined and compared. For
example, if as many projects as possible implementing measures to increase
infiltration, in comparable catchments, choose to monitor the same parameters using
compatible methods then the results can be combined. If the projects in different types
of catchments also use the same monitoring techniques then the projects can be
compared to better understand the influence of catchment characteristics.
Project scale monitoring
There are myriad reasons why you want to monitor your project, including to:
 demonstrate success
 learn from mistakes
 know when adaptive management is needed
 fill known research gaps
 inform funders, partners and local stakeholders of how the projects has worked
 secure further funding to do more of the same.

1.2

Planning the monitoring

Monitoring and evaluation needs to be a part of initial project planning.

Figure 1

Planning your monitoring

Source: RRC (2017)
One of the first steps when developing a monitoring programme is to articulate the
overall aim of the project - that is, describe what you are trying to achieve. Defining
clear objectives will help to ensure that monitoring is cost-effective and aligned to the
project’s targets. It will also help to identify what baseline data and resources are
required for monitoring (RRC 2017).
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Figure 2. the sequence of monitoring (and experimental) design

Objectives

• SMART objectives
• describe what outcomes you desire from the monitoring, proportionate to the project scope

Metrics

• what are the best parameters to measure or derive, and at what scale
• will measuring these meet the objectives

Methods

• research and decide which methods best provide these metrics
• include consideration of the necessary data analysis

Design

Installation

• experimental design: determines controls, baseline, frequency of data collection, distribution
of monitoring points and control of variables

• fixed points, study areas etc established
• equipment installed and tested

• must follow the experimental design
Data Collection

Data QA

Data Analysis

Data
Interpretation

Objectives

• conduct interim assurance - analyse the data, looking for bias, and checking that the
measurements are adequate

• must follow the experimental design
• must incorporate the required controlled and uncontrolled variables

• drawing conclusions from the dataset, nature of relationship between the variables etc
• consider whether the data can be extrapolated or callibrated

• statistically quantify the degree to which the objectives have been met
• include confidence intervals, description of uncertainty and understanding of the processes

Monitoring should primarily focus on demonstrating that project objectives have been
achieved. Figure 2 (above) summarises the logic connecting the objectives through the
planning, into implementation and back to the objectives, via analysis. Monitoring
objectives should be developed using the SMART approach explained in the Practical
River Restoration Appraisal Guidance for Monitoring Options (PRAGMO) guide (RRC
2012) below:
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There are some existing resources available to help project managers plan their
monitoring, this includes:
 The River Restoration Centre’s (RRC) PRAGMO guidance and their Monitoring
Planner
 The Working with Natural Processes (WWNP) Evidence Directory, specifically
Chapter 6 on Monitoring and associated case study examples
 Appendix 1 summarises some case study examples of NFM projects which have
been monitored
The RRC guidance includes a useful monitoring planner which can help project
managers to plan the monitoring needed for their projects.
Scale and proportionality:
Chapter 6 of the Evidence Directory also includes some useful decision trees to help
define the extent of monitoring needed depending upon project size and resources. It
explains key NFM research gaps which need to be filled through long-term monitoring.
In Appendix 2 these research gaps are listed, and the table shows how these gaps are
being addressed through the monitoring objectives described in sections 2 to 5.

1.3

How to monitor proportionately

The WWNP Evidence Directory guidance on monitoring makes clear that quantifying
the effect of WWNP measures is challenging: developing a monitoring plan that
enables change to be detected needs careful thought and planning. It suggests that the
monitoring of WWNP projects generally takes one of 3 approaches:


‘Lighter touch’ or ‘simple’ approach. This evaluates:
o basic project data; location, type, dates
o visually how the measures perform under flood conditions
o how the measures perform in non-flood and low flow conditions
o local provision of ecosystem services
4





o qualitative comparisons with other projects
‘Detailed’ or ‘intermediate’ approach. This evaluates
o the extent of effects of local-scale flow changes on flood risk
o sub-catchment or catchment-scale flow changes to flood risk
o A wider suite of ecosystem services through habitat creation and
improvement and naturalisation of environmental processes
o Results that can be combined with, and compared to, other projects
o Where necessary ensuring that data collection is synchronised
‘hypothesis led’ or ‘complex’ approach. This also includes:
o Testing of scientifically formulated hypotheses through experimentation
o Development of new or improved models
o Detailed surveillance to species level to demonstrate ecological gain
o Quantified ecosystem services, or improved understanding of process
relationships
o Data interpretation that can be extrapolated and applied to other projects

Fig 3 summarises how this classification relates to the projects on the Defra
programme.
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Figure 3: achieving proportionate monitoring; how scale and complexity of the project
relates to the complexity of monitoring

simple
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expert
Projects in
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small
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NFM
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4
Catchment
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Notes: This simplistic monitoring classification of simple, intermediate and complex is used
through the guidance to suggest some of the monitoring techniques appropriate to that level.

In reality we anticipate that most community projects will be able to undertake the
lighter touch or simple monitoring. Catchment projects must undertake detailed, or an
intermediate scale, of monitoring, if possible incorporating the lighter touch ‘simple’
monitoring. A few projects with organised collaborations with research institutes and
universities will be engaging in hypothesis led, or complex, research.
The flow charts in this guidance help you decide, based on the scale of your project the
scale of monitoring which will be appropriate to your project. In some cases if your
6

project is small scale, extensive monitoring is not likely to tell you much about the
downstream impact on flood flows, however, reach scale or site/plot level monitoring
may be able to yield important data.
With these facts in mind we have developed some monitoring objectives for the
DEFRA funded projects which are proportionate and scalable to the different sized
projects.
The main purpose of these monitoring objectives is to capture data that enables us to
report back to DEFRA by Year 2021 on how far we have met the 4 requirements of the
funding (see Section 1.1). This report summarises these objectives (Section 1.4) and
provides further detail on the reporting and evaluation process (Section 6).

1.4

Creating a ‘bigger’ and ‘better’ dataset

Obviously nearly every project will be generating some kind of monitoring and research
related data. This will identify if that particular project has fulfilled its aims and
objectives. But this won’t help us to answer Defra’s questions if every project has
measured different metrics and analysed the results in ways that aren’t comparable.
For example, it would be very hard to conclude that “leaky dams resulted in a mean
peak flow reduction….of xxx +- y units using data from all 14 projects, and the best
results were achieved on the rolling chalk catchments”, if the projects were measuring
a disparate variety of flow parameters, at different locations from the structures etc.
The best that we could hope to report would be along the lines of “8 out of 10 NFM
projects reported a reduction in flows of one kind or another”! By 2021 we want a
robust dataset in place.
Using this 1st version NFM monitoring Guidance as a starting point we expect that most
of the people responsible for ensuring that the monitoring takes place maintain regular
contact with each other through each of the stages identified in figure 2 and as far as is
practicable endeavour to standardise the design of the monitoring for similar projects. It
would be great if the Community projects also joined forces with the EA led projects
and both benefit from each other’s expertise.
The area hydrologists and FBG specialists (for EA led projects) should be an integral
part of each project monitoring team. They will endeavour to also meet regularly to
ensure that they too are providing nationally consistent advice.
Conceptually it makes sense for all projects that are implementing particular types of
NFM measures to co-ordinate their monitoring, so this might be projects that involve:
 Measures that are implemented at source to improve infiltration and/or are
catchment based
 Measures that intercept flow pathways within the wider catchment
 Measures within the watercourses and floodplain
 Estuarine and coastal ( although these are not covered to any depth in this 1st
version of the Monitoring Guidance)
There are different types of surveys and monitoring:
1. Inventory: creating records of what has happened where, when, how and why
e.g. NFM installations, maintenance activities, open days for the public
2. Continuous performance: often relies on data loggers or similar to create an
unbroken sequence of data e.g. rainfall, flow
7

3. Surveillance: attendance to gather data either at predetermined intervals or
when trigger levels have been reached, which can be sub-divided into
i.
discrete event records e.g. photographs of flood events
ii.
snapshots of effect e.g. mapping vegetation or RHS
iii.
sampling e.g. water quality samples, macroinvertebrate samples,
quadrats, soil samples
4. Experiments: usually rigorously comply with some or all of a BACI approach
(Before After Control Impact) and are designed to conform with the rules of
statistical analysis to identify regressions and correlations
So the monitoring should be capable of providing the relevant data, whilst remaining
proportionate to the scale of the project, unless the provision of research data is one of
the primary objectives of the project.
To provide some structure to this report and the Template the NFM Monitoring
Guidance has been divided into 4 sections. We have developed a suite of monitoring
objectives to address the 4 requirements of the DEFRA funding (listed in Section 1.1),
and we have grouped them into the following four categories:
 Fluvial flood risk (Section 2)
 Habitat and ecosystem services (Section 3)
 Partnerships and funding (Section 4)
 Research and development (Section 5)
Table 1 lists all the monitoring objectives which are described in detail in Sections 2 to
5.
Table 1. List of monitoring objectives
Objective
FR1. to understand the distribution of the different projects and the type and extent of
measures they have installed across the country
FR2. to understand flood storage and flow interception
FR3. to understand how the measures affect flow, particularly high flows
FR4. to understand the operational maintenance requirements of the NFM measures
HB1. to be able to quantify the extent of habitat directly created, restored and/or
changed
HB2 to be able to estimate the contribution of the habitat created or improved to the
improved ecological functioning of the wider environment
ES1 to sort and qualify the multiple benefits achieved by the projects in a nationally
consistent way, developing the Evidence Directory approach
PAR1. to understand the types of partnerships and funding routes that were
established
PAR2. To understand the engagement
RES1. Measurements to establish change to hydraulic roughness
RES2. Measurements to establish changes to soil infiltration and storage
RES3. Measurements to establish effect on sediment and water quality
RES4. Measurements to establish effect on low flows
RES5. Measurements to establish effect on groundwater levels

In developing the monitoring objectives, we have acknowledged that the nature and
extent of monitoring required needs to be proportionate to both the spatial scale of the
project and the scale of the available funding. To this end in Sections 2 to 5, we have
described how the monitoring objectives could be met. To do this we have described
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different approaches based on their technical complexity (simple, intermediate and
complex). This gives the option to select an approach appropriate to your site.
Please note this categorisation is never intended to restrict the scope of monitoring
undertaken, only to standardise it. All projects are encouraged to undertake more
extensive monitoring to augment what is suggested here. This document is identifies
the minimum monitoring requirements needed to enable us to successfully report back
to Defra.
Useful monitoring references
Modular river surveys (Modular River Survey online assessment method and tools*)
Monitoring and evaluating your project (RRC 2017)
Practical River Restoration Appraisal Guidance for Monitoring Options (RRC 2014)
REFORM river restoration wiki (REstoring rivers FOR effective catchment Management
website*)
River Restoration Centre Monitoring Planner (free RRC online tool*)
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5

Fluvial food risk objectives

Main aim of DEFRA funding: Project(s) contribute to the flood and coastal erosion
risk to homes
Objective of the project being monitored: To implement WWNP/NFM measures
which contribute to a reduction in flood and coastal erosion risk to local communities by
Year 2021.
To establish if this objective has been achieved the following monitoring objectives
are suggested
Objective FR1. To understand the distribution of the different projects and the
type and extent of measures they have installed across the country
Desired result: Locations, types, and extents of NFM measures mapped by 2021
What is the monitoring outcome?
For each project to have mapped by 2021 the:
 Location of measures
 Types of measures installed (see Appendix 3 Measures list)
 Extent of measures installed to be able to estimate key facts e.g. extent and
volume of flood storage created, length of watercourse restored, area of land
cover/land management change
Why is this data needed and how will it be used?
This data is needed to be able to show funders and partners where NFM measures
were implemented, what measure types were used and their extent.
From the monitoring data you collect we will be able to derive:
 Georeferenced polygons, polylines or points on maps showing locations, types and
extents (e.g. length, area) of each NFM feature installed
 Descriptions of the locations of and types measures employed
 Estimations of amount of additional storage (m3) created, length of watercourse
(km), area of land cover/land management affected by NFM measures through the
provision of points, polylines or polygons on maps
How should the monitoring be undertaken?
Complexity Description of method
simple
 Following implementation, each project will edit a web-based
mapping layer, to include information on the location of each project
and type of measure constructed
 By 2021 each individual project should add to this GIS tool to draw
polygons/polylines/points on the maps to show extent of each
measure constructed (e.g. length of bunds/woody dams)
Important points to note
A GIS tool has been developed by the EA/CaBA based on consultation with over 80
catchment partnerships at the CaBA workshops in Jan/Feb 2018. This tool allows
users and the public to see what NFM projects are being delivered and the benefits of
those projects. The version 1 of the tool was demonstrated to the community groups at
a webinar in June 2018. The feedback from this demonstration will then be used to
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guide the refinement of version 2 of the tool. A Beta version of the tool will be released
in September 2018. The current tool captures:
At project level:
 FR2. Photos. Before, during & after (construction) and during a flood.
 FR3. Link to template/summary.
 FR4. Link to template/summary.
 Hab1. Link to template/summary
 Hab2. Record multiple benefits for 'wheel graphic'
 Part1. Link to template/summary
 Res1 to 5. Link to template/summary
At NFM measure/intervention level:
 FR1 - Location
 FR1 - NFM Type
 FR1 - Area of 'rougher' land use (Ha)
 FR1 - Storage (m3)
 FR1 - Area of increased losses (Ha although we will need to think carefully about
how we represent the benefit of SUDs in urban areas)
 FR1 - Flow pathways broken?
An important output from the current tool is the data that each project inputs, can be reused and exported for use on the projects own online mapping portals. This will allow
them to incorporate their NFM delivery into the wider work of their organisation and
partnerships. This approach to sharing data is at the heart of the CaBA approach. A
report can be provided by larger schemes if thought appropriate.
Objective FR2. To understand flood storage and flow interception
Desired result: Fixed point photography and mapping during high flows to
establish how the NFM measures intercept overland flow and store water
See also section 6.3.1 of the WWNP Evidence Directory
cations, types, and extents of NFM measures mapped by 2021
Essential information
At no time should anyone undertaking monitoring put themselves or others at risk, so
any intended monitoring at high flow must involve continuous ‘dynamic’ risk
assessment. Dynamic Risk Assessment is additional to the site risk assessment, and
applies even if the access to and around the site has been designed with flooding in
mind.
A Dynamic Risk Assessment is a mental “stop and think” done onsite in a changing
environment to ensure risks and hazards are reviewed and managed in the correct
way. It’s a mental process and not a checklist and should be done automatically before
starting a job as well as throughout it.
It’s thinking about how you might get injured, suffer ill health, or possibly damage the
environment as a result of doing the job and the potential severity. It’s then about
deciding what extra things you need to do to get the work done safely – or even not
doing the task at all.
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These are the main things you should consider during a dynamic risk assessment:

People
Equipment
Place
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme
nt_data/file/9387/2043194.pdf
What is the monitoring outcome?
For each project to:
 Note whether the primary aim of the measure/installation is infiltration,
interception/storage or sediment capture, and whether the measure is intended to
perform one or more of these functions
 Once installed, take photos of the measures and subsequently of each measure
working during high flows (for each measure, cluster of measures, or as many as
possible, dependent of budget) and
o upload to GIS database described in FR1 by 2021
 Identify the x and y coordinates of each camera and whether the camera is pointing
upstream or downstream
 Take photos of stage board installed close to measure to establish height of
overland flow path.
 Map flood outlines and flood flow routes to show measures working by 2021
 Measure level/stage in storage features during high flows
Why is this data needed and how will it be used?
The photographic and mapped data are needed to be able to show funders and
partners how NFM measures have worked (performed) during a flood. Installing a
stage board close to the measure also allows the height of the overland flow to be
recorded using photography.
Mapping the flood outlines around NFM measures and associated flood flow routes is
desirable to help understand their design standard. These data could also be used to
calibrate future flood models. We need this data to report to DEFRA and partners to
explain how the scheme has performed. N.B. This is not expected of Community
projects.
From the monitoring data collected, we will be able to:
 Visually show the measures holding water back or slowing the flow
 Describe how measures functioned during a flood
 Map flood flow routes and flood extents
 Measurements of water level/stage in any NFM storage features
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How should the monitoring be undertaken?
Complexity
simple

Description of method
 Dynamic risk assessment required
 Once installed, take an initial photo and then undertake fixed point
photography during times of heavy rainfall/high flow to show visually
how the measures are working (e.g. intercepting flow and storing
water)
 Ideally use time lapse cameras; if not, use clear instructions that
identify point of picture taken including direction facing, low flows,
etc.
 Take before and after photos of measures implemented
 Take photos to show maintenance where relevant
 Install a stage board (try to use a landmark, such as a bridge to
anchor or paint a stage board to reduce risk of movement during
high flows) in the re-directed flow path to allow the height of the
overland flow to be quantified via photography
 Wrack marks can also be used where no stage board is available
 Upload these photos to the GIS system described in FR1 above by
2021
 Dynamic risk assessment required
intermediate  Initial and fixed-point photography during times of heavy rainfall /
high flows and upload photos to the GIS system (see above)
 Locate a stage board at an appropriate position (see above)
 Once installed, observe during times of heavy rainfall/high flow and
record flood outlines and overland flow routes on a paper map
 Take the hand drawn flood outlines and flood flow routes (see
above) and add these as polygons to the GIS system described
above by 2021
complex
 Dynamic risk assessment required
 During times of heavy rainfall/high flow, record flood outlines and
overland flow routes on a paper map
 Take the hand drawn flood outlines and flood flow routes (see
above) and add these as polygons to the GIS system described in
FR1 above by 2021
 Measurements of water levels/stage in storage features via a logger
during heavy rainfall/high flow. These water level/stage
measurements can be correlated with measurements of rainfall
intensity and river stage to compare the filling of the storage feature
with peak discharge in the river
Drone footage of suite of NFM measure(s) functioning during high
flows to capture overland flow paths and storage areas which could
also be linked to levels/stage height readings in the storage features
to ascertain potential storage volumes across the monitoring site at
the time of the drone survey
Important points to note - photography
Fixed point photography needs to be carefully considered at the start of the monitoring
planning process as follow-up activity will be required at times of high flow when the
environment and access will be different and health and safety risks will be different
and need full consideration.
A record will need to be kept of all the fixed points used (i.e. fence post, marker stake,
etc.), the time and date as well as which NFM measure or location or overland flow
path is being photographed. A hand drawn sketch could also be created to help
13

capture some of this information. A handheld GPS can be used to record the location
of the fixed point so it can be uploaded to the GIS system. A 360 degree camera can
also be used to aid in recording the different parameters of the measure.
For further guidance, see Hydrology in Practice, Fourth Edition. This resource provides
guidance on different types of monitoring, including water level measurements, the
process of deriving a stage-discharge relationship from spot gauging, and others.
Four photos can be uploaded to the GIS tool described in FR1. These photos show the
development of the whole project rather than each individual NFM feature within each
project. A report can be provided for larger schemes if appropriate.
Important points to note – topography
Topographical surveys can be used to monitor changes in topography in response to
the implementation of WWNP measures. Repeated surveys allow comparison of
changes in topography over time to quantify changes in surface elevation, morphology
and sediment volumes.
Topographical data can be analysed in simple cross-section profile form (for example,
using digital elevation models). They can be used to:
 measure volumes of sediment captured by a WWNP measure
 measure volumes of sediment eroded due to the presence of a WWNP
measure
 measure changes to channel or pond size and volume in relation to a WWNP
measure
 assess changes in hydraulic conditions by incorporating topographical datasets
in hydraulic models using remote sensing data)
There are a wide variety of methods available for gathering topographic data. These
include:
 standard ground-based instruments (for example, terrestrial laser scanners)
 differential global positioning systems
 total stations (for example, laser theodolites)
 remotely sensed data (for example, LiDAR12 and satellite imagery) which can be
used in part to capture data around the effectiveness of the measures during flood
events
 structure from motion techniques, which have been used on the ground and
based on aerial platforms
The choice of survey technique will depend on:
 the level of accuracy required
 the study’s objectives
 the characteristics of the site being surveyed
A crucial aspect when considering morphological change is the level of uncertainty in
the data. The techniques listed above all have their pros and cons based on factors
such as instrument precision and the data processing steps taken after a survey.
References
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Objective FR3. To understand how the measures affect flow, particularly high
flows
Desired result: Measurements of flow/discharge during high flows to understand
how the effect of measures installed modify flood flows
See Section 6.2.4 of the WWNP Evidence Directory
What is the monitoring outcome?
This is arguably the most complicated objective to satisfy. There isn’t sufficient time to
gather a long series to provide a bespoke baseline. Nor can we guarantee that the
measures will be tested during the reporting period. Even if they are, it is impossible
that there will be any event standardisation between projects.
The second aspect is whether the monitoring is measuring the net effect of all the
measures that were installed combined, or whether the effect of each individual
intervention is being monitored. For reporting to Defra, the net effect is more likely to
provide the desired answer. Whilst larger projects with a research element may be
comparing the efficacy of the individual interventions as well.
Ideally projects will benefit from advice from a hydrologist or hydrogeologist, who can
also advise on the adequacy of any pre-existing data to provide a baseline. Then make
the judgement call about the extent to which any additional modelling can both dovetail
with the baseline whilst providing evidence of the action of the intervention(s).
For each project by 2021 undertake:
 Pre-project (prior to implementation):
o A desk-based study of the site(s) to collate existing data on flood levels
and/or flow discharge for range of return periods. This can be obtained from
15





model results, past catchment studies, existing gauging stations using
continuous data, etc. Identify potential new gauge locations and
measurement techniques
o A field investigation to finalise gauge locations with consideration of
recording a representative NFM signal from the modified catchment. Ideally,
you would have both an at-feature measurement and at receptor
measurement. Please see Chapter 6 of the Evidence Directory for further
guidance.
o Set-up equipment to collect, and calibrate if applicable, baseline information
in catchment. Do likewise in a similar control catchment without NFM if the
project aims to provide comparative data
o Collect a period of baseline data prior to the measure(s) are implemented
and/or take effect, but do not delay installation of the measures if this will
render construction unsafe or jeopardise funding deadlines
Following implementation:
o Collect the data. For the larger projects this is more likely to be
flow/discharge data. If the site is unsuitable or the cost of monitoring is
disproportionate to the project size then if it is safe to do so record flood
levels
Post-project:
o Analysis of results of flood levels and/or flow/discharge monitoring.
Compare them to baseline data, if possible calibrating flood levels against
available flow data, to show a change in hydrograph pre- and postimplementation of NFM measures

Why is this data needed and how will it be used?
We need to know flood levels and/or flow/discharge to help understand how measures
have potentially altered flood levels and/or flow, particularly in nuisance floods, or
floods in smaller storm events. We need this data to report to DEFRA and partners to
explain how the scheme has performed.
From the monitoring data collected, we will be able to derive:
 Qualitative text to describe how measures functioned during a flood and their
effects on communities at risk of flooding
 A statistically robust analysis describing changes to river peak flow following the
implementation of NFM interventions (likely to involve hydrograph analysis)
There are conceivably a number of measures that could be derived, such as:
 Average peak flows during pre- and post-periods,
 Average flow during pre- and post-periods,
 Number of houses protected during certain return periods
 Lag time from intense rainfall to peak flows,
 Length of surface water hydrograph, etc.
To enable consistent comparisons data has to provide:
 Rainfall quantity and duration/ nature of precipitation (rain/hail/snow)
 Temperature
 Direction and rate of travel of rainfall
 lag
 Antecedent catchment conditions
 Baseflow for sufficient time period
 Accurate capture of flow and the flood hydrograph, particularly around the peak,
incorporating through flow and overland flow, at acceptable time intervals
 Catchment roughness
 In channel causes of turbulence
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Sediment
Time of year, evaporation and transpiration
Flood levels
Storage volumes
Backing up, stream-locking, tide-locking
Soil permeability
Availability of storage (ponds, soil etc)
Groundwater levels and variability
Vertical permeability and rates of water movement
Water movement below ground, if reinstatement of springs and flushes are
important

The standardised measurement really has to be accurate flood hydrographs with
sufficient confidence around the peak flows; so in effect we are testing the paradigms
The nfm paradigms usually quoted are:




Nfm measures help to flatten and attenuate the flood hydrograph
Catchment based nfm measures are more effective at providing effective
reduction for lower order flood events
Nfm measures can be used as partial solutions, reducing the dimensions of
heavily engineered flood defences

Pages 225 and 226 of the evidence directory contain a decision tree to point you
towards detailed or lighter touch monitoring. It also explains some differences if you are
monitoring with a view to plugging the data into models.
It may beyond the scope and budget of most community projects to provide this type of
information back to the programme. Page 232 provides some indicative costs of the
equipment alone.
Number of properties assumed to be benefitting from the NFM measures, alone or in
combination with traditionally engineered defences, can be recorded here, but it is
knowing the standard of protection that gives this statistic its context.
How should the monitoring be undertaken?
Complexity
simple

Description of method
 Summary provision of data on number of homes to protect
 Desk-based study of the site(s) where relevant data exists to collect
a baseline understanding of flood levels and/or flow discharge for
range of return periods – This can be obtained from model results,
past catchment studies, existing gauging stations using continuous
data, etc. FEH derived catchment/sub-catchment hydrographs could
also be generated if the skills and software are available to the
project.
 Set-up flood level and/or flow/discharge data collection equipment to
collect data on flow throughout project duration
intermediate  Set-up flood (continuous) levels and/or flow/discharge data collection
equipment taking a paired catchment approach to enable you to
compare the effects of NFM measures on flows against a similar
catchment where no interventions are made
 Post-project desk-based study to compare data collected during the
project to either:
o Results of previous models/studies
o Paired-catchment
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Complexity

Description of method
 Baseline dataset*
complex
 Set-up flood (continuous) levels and/or flow/discharge data collection
equipment in catchment where interventions are planned and collect
baseline data prior to implementation to enable you to compare the
effects of NFM measures on flood levels and/or flows before and
after interventions are installed
* Please see Chapter 6 Research gaps and monitoring of the Evidence Directory for
further guidance which takes into account different budgets and expertise.
Important points to note – hydrometric monitoring
How to undertake this monitoring needs to be carefully considered at the start of the
monitoring planning process as follow up activity will be required at times of high flow
when the environment and access will be different and health and safety risks will be
different and need full consideration.
The monitoring design should take account of the length of baseline monitoring that is
required (see Section 6.2 in Chapter 6 of WWNP Evidence Directory), if none is
available; the stability of the river bed and blockages to flow as well as the positioning
the level or flow-gauge to record a representative NFM signal from the modified
catchment. All gauging stations will need a series of instantaneous spot flow
measurements to develop a stage-discharge relationship across the whole flow regime.
Monitoring should occur close to the NFM measures (e.g. downstream of a cluster of
woody dams, or near a storage pond) and if data are available from a downstream
long-term EA flow gauging station(s) in order to assess the benefits to downstream
communities.
If level or flow/discharge measurements are not possible within your catchment then
please speak to your Hydrometry and Telemetry colleagues to establish other
techniques available to collect level or flow/discharge data or to use existing freely
available models.
Rain gauges should also be installed in line with Met Office guidelines on exposure and
sheltering. A network of these will be needed within the NFM and control catchments to
assess impacts.
It is recommended to record on the finest time resolution possible, bearing in mind that
a data logger which is recording every minute could be full within days and therefore
require frequent downloading (which has cost and time implications).
Generally, it is recommended that if the catchment is <10km2 in area then every 5
minutes is adequate. If the catchment is >10km2 in area, then a 15 minute13 frequency
should be explored. Hourly data are generally too coarse a resolution to detect
response times in a catchment of <100km2. Early on in the data collection period (that
is, the first 3–4 weeks), the flow data should be checked visually to ensure that the
peak flows are being captured. If the peak flows are being missed, the monitoring
frequency may need to be adjusted.
Ideally all monitoring equipment across a field site should be set to the same
monitoring frequency to allow the data to be easily compared and analysed across the
monitoring catchment.
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Table 6.3 Environmental processes that can affect data quality
Measurement

Environmental
process

Impact

Magnitude of
impact

How to
mitigate

River level

Sedimentation
of stream bed –
change in
cross-sectional
area

River level
reference point
changes.
Change in
stream–
discharge
relationship.
Need to
develop new
rating curve.

Can be high if
significant bed
deposition.

Find stable
cross-section
point for
installation of
field kit.

River level

Erosion of
stream bed and
bank – change
in crosssectional area

River level
reference point
changes.
Change in
stream–
discharge
relationship.
Need to
develop new
rating curve.
Can cause
instabilities
around
monitoring
structure and
failure of kit.

Can be high if
significant
erosion. Risk of
loss of kit.

Find stable
cross-section
point for
installation of
field kit. Needs
good solid
stable bank.

River and
measure water
level

Freezing
conditions/ice

Damage to
sensor through
ice build-up.

High

Avoid areas
known to be
prone to
freezing.

Rainfall

Wind
undercatch –
rain gauge does
not capture true
rainfall during
windy storms

Underestimates
rainfall totals.

Stronger the
wind, the higher
the impact.

Avoid exposed
locations.

References
Environment Agency guidance on measurements of flow and level (Chapter 6).
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/654431/
Working_with_natural_processes_evidence_directory.pdf [Access 16/02/18]
Herschey, R.W. (2008). Streamflow Measurement. 3rd edition. CRC Press.
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Objective FR4. To understand the operational maintenance requirements of the
NFM measures
Desired result: Completion of monitoring template to establish what
maintenance was undertaken and how much it cost (or anticipated to cost)
What is the monitoring outcome?
For each project, fill in the template which asks for:
 Pre-project (prior to implementation) (where relevant) the:
o Maintenance and management type, frequency and cost (per annum)
o Who undertook the maintenance and management
 Post-implementation (where relevant) the:
o Maintenance and management type, frequency and cost (per annum)
o Who undertook, or will undertake the maintenance and management,
including inspection of feature condition (e.g. structural integrity, blockages,
sediment deposition, etc.)
o Any adaptation/alteration to measures over time, including information on
how long they last (performance/effectiveness)
o Summarise the anticipated and frequency of maintenance and
management, if not implemented by 2021
Why is this data needed and how will it be used?
The information on the template is needed to be able to describe to funders and
partners the extent and nature of anticipated maintenance requirements pre- and postproject. It will also help us understand how different measures work and how long they
last (performance) and who is likely to maintain them
This objective is important because these data help us in the long-term to be better
able to understand the nature and cost of maintenance and the ownership of this
important role.
From the template we will be able to derive:
 Qualitative descriptive text to describe the extent and nature of maintenance and
management activities undertaken (potential) pre-and post-project to understand
how the nature of maintenance requirements may have changed
 Qualitative descriptive text to describe the following if the NFM measure failed or
didn’t perform as designed: type of failure; scale of failure; cause(s)/mechanism of
failure; and consequences of failure.
 Qualitative descriptive text to describe if/how measures were altered/adapted to
understand their long-term performance
 Figures related to maintenance and management costs pre- and post-project to
compare if costs are higher or lower following project implementation
 Qualitative descriptive texts of any unexpected successes, failures, concerns,
issues, etc.
 Record which organisation / person accepted the role of maintenance and any
challenges in securing agreement to this.
How should the monitoring be undertaken?
Complexity Description of the method
simple
 By 2021, complete the Template2 to capture details of inspection
maintenance and management requirements and costs provided by
the Environment Agency
2

The Template is in the final stages of development
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Important points to note
There should be periodic or routine inspections of the NFM measures, especially after
flood events, to verify and determine the frequency of maintenance and management.
Whilst this monitoring objective does not need to be addressed until 2021, throughout
the project you should keep notes of the types of information listed above which will
need to be captured in the monitoring template.
References
Environment Agency river and coast maintenance programmes.
https://www.gov.uk/government/publications/river-and-coastal-maintenanceprogramme [Accessed 20/02/18]
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6

Biodiversity and multiple
benefits

Main aim of DEFRA funding: Project(s) create and improve habitats and increase
biodiversity
Objective of the project being monitored: When implementing WWNP/NFM,
measures create, enhance or restore a functioning and interconnected network of
habitats which improve and increase multiple benefits to people and wildlife by Year
2021 although it is recognised that benefits may extend and develop beyond this date.
Priority habitats and protected/priority species will not be damaged or reduced as a
result of WWNP/NFM interventions.
To establish if this aim has been achieved the following monitoring objectives are
suggested.
Objective HB1. to be able to quantify the extent of habitat directly created,
restored and/or changed, by the project by 2021
Objective HB2. To be able to assess the contribution of the habitat created or
improved on the ecological functioning of the wider environment
What is the monitoring objective?
When implementing WWNP/NFM interventions biodiversity can be shown to have
increased in extent or number or resilience and information on any unintended damage
or negative effects occurred as a result is collected.
What are the monitoring activities?
For each project by 2021 undertake:
 Pre-project (prior to implementation):
o A walkover survey (which can be an extended Phase 1 survey used in
Ecological Impact Assessment EcIA) of the site(s) to identify the types of
habitats present, their extent, and current condition, including in-channel
habitats and risks to protected species and habitats. Consider the use of the
River Habitat Survey methodology. For exceptionally large sites remote
sensing technology has been used.
o A mapping exercise to capture the location, type, extent, and condition of
the site(s)
o Review results of any existing monitoring of freshwater ecology and
fisheries if there are sampling points nearby
o Use results of any other permanent monitoring datasets that might impinge
on the site e.g. BTO surveys, permanent butterfly transects, Bat Trust
transects, Records Centre data (also referred to as desk-based data)


Post-project:
o A walkover survey of the site(s) to identify the types of habitat created,
enhanced and/or restored, their extent and their quality; whatever is done
should be comparable to the pre-implementation survey.
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o
o
o
o


A mapping exercise to capture the location, type, extent and quality of
habitat created and/or restored or confirmation that the habitat is moving
towards the preferred habitat.
Note of type and extent of habitat damaged / removed to create new habitat
Review results of any existing monitoring of freshwater ecology and
fisheries if there are sampling points nearby
Use results of any other permanent monitoring datasets that might impinge
on the site e.g. BTO surveys, permanent butterfly transects

Data analysis: what are you looking for?
o Using methodologies that are tried and tested, such as RHS, enables the data to be
interpreted in relation to a much wider dataset, expanding the possibilities for
interpretation and drawing meaningful conclusions.
o How has the habitat changed due to the presence of the project? It can be
measured to NVC accuracy. Habitat can also be defined as the presence of the
type(s) of habitat required to support target species.
o Quality in the context of this Monitoring Guidance has not be defined. That really is
part of the project specific objectives. One project might have an objective to extend
the amount of intertidal habitat, and so improve the availability of feeding grounds
for wildfowl and waders. Another project might want to extend the range of a
particular butterfly species northwards by providing suitable habitat in anticipation of
a changing climate. Another project might want to safeguard a rare pearl mussel
community. The more specific monitoring will be planned at the project level to
gauge success. There are so many aspects to quality that we haven’t attempted to
specify how it is addressed in this Guidance.
o Habitat change: in reality, habitat created is actually habitat changed when you
consider it at the species level. Arable to woodland is generally held to be a good
thing in nature conservation terms, for example, but it is potentially damaging if the
arable fields are a feeding resource for wildfowl that are unable to use the
woodland. For this reason we leave it to specialists at the project level to make the
distinction between habitat creation and habitat change, and even habitat loss,
because this definition is so dependent upon the project objectives with respect to
nature conservation.
o How does the NFM project influence the instream habitat provision under high and
low flows – photographs and simple habitat mapping of the habitats submerged and
not covered by water would be enough under a range of different discharges. In this
instance you would need to map the hydraulic habitats – patches of different
velocities. This helps to explain the floristic changes that determine habitat.
o Hydroecology: Use a defined methodology if one is available specific to your
organisation. For Catchment projects the Monitoring for Flow Pressure Assessment
Operational Instruction outlines how the monitoring should be structured. The
monitoring should take form of pre and post work surveys and include a control and
impact site. Understanding the ecological changes to greater detail than habitats is
essential if reporting is required for some species, or WFD improvement.
o Identify water dependent species present, noting priority or protected species
dependent on the habitat that will be impacted on by the intervention being
used.
o A NFM intervention might not just improve the local habitat. It can improve
ecological resilience by:
 provide a link as a corridor or stepping stone
 extend the range of suitable habitat for key species
 reducing edge and boundary effects by making an area bigger
 contribute to the habitat mosaic essential for some species to complete their
lifecycle or behavioural activities
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 provide sub-optimal habitat that can be used by target species when
conditions are otherwise adverse
 influence habitat suitability and evolution via geomorphological changes to
watercourses
 Influence habitat suitability by improving soil or water quality
 Reduction in disturbance and/or perturbations
 Other ways too numerous or detailed to list here
Why is this data needed and how will it be used?
The walkover survey and mapping of habitats as well as species (Appendix 4) is
needed to be able to show funders and partners what habitat has been created,
enhanced or restored as a result of the project including its location, extent and quality.
The habitat is described as broad categories for simplicity. The opportunity to more
accurately describe overall change is there for any projects that provide separate
reports presenting their results and conclusions. The data from these reports will form
invaluable qualification of the reporting parameters in the 2021 report to Defra.
From the monitoring data collected, we will be able to:
 Calculate areas and types (ha / km of habitat created/enhanced/restored) following
implementation of measures, compared to baseline pre-implementation data
 Map locations, types and extents of habitat created/enhanced/restored. If possible
provide qualitative descriptive text to describe what habitats types have been
created/enhanced/restored compared to pre-implementation baseline and the
condition of those habitats
Achieving proportionality - what level of monitoring should be undertaken?
Complexity
simple

Description of the method
 Undertake a walkover survey of site(s) by 2021 to map locations,
types and extent of habitat created or restored
 Take fixed point photos of the habitats created pre- and post-project
 Estimate, using expert judgement, extent of habitats directly and
indirectly created/enhanced/restored following implementation,
compared to baseline pre-implementation data
 Include a report on the quality of habitat form and function, specific to
the project, if relevant
intermediate  Undertake an Extended Phase 1 walkover survey of site(s) to identify
locations of, types and extent of habitat created, map the site
 Specify habitat that has been created and distinguish it from that
which has been restored
 RHS3 or MoRPh4 for appropriate watercourses
 take photographs of in channel habitats during low and high flows
 add the habitat outlines as polygons to the GIS system
 Desk based consideration of the wider ecological improvement
provided by the project
complex
 Survey to National Vegetation Classification (NVC) level to identify
locations of, types and extent of habitat created, map the site
 Use models or tools, e.g. JHab, to determine hydraulic habitats from
hydraulic model outputs of the river reach in question
 Use of models and tools to derive wider ecological benefits e.g.
Condatis5, Judy England’s research linking species and habitats
3

http://www.riverhabitatsurvey.org/
survey-guidance-manual
4
https://modularriversurvey.org/
5
http://www.condatis.org.uk/

https://www.gov.uk/government/publications/river-habitat-
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Complexity

Description of the method
 Experimental proof of some of the wider benefits to habitats, species
and ecological processes, with cause and effect relationships
established, or multi criteria analysis to understand the driving
variables

Data collection 2021
The data can be collected in the template provided under HB1.
HB1 contains two components:
1. Habitat directly created or improved by the project e.g. wet flush developing
behind a leaky dam, hectares of functioning floodplain in front of a setback
defence
2. The wider ecological improvements that the new habitat contributes to. This
statistic is likely to be more of an estimate, because there are so many ways
that these improvements could be realised, and for some their maximum value
may not even be realised except under exceptional conditions e.g. droughts,
cold winters
Notes:
There is no valuation expected
We haven’t asked for an ecosystem services assessment, but if was done then this
would reduce the uncertainty associated with the estimates.
HB1 and HB2 forms a component of the benefits wheel as well and is considered to
supply data for ES1.
To understand more about the links between geomorphology and hydroecology
England et al have produced Environment Agency guidance.

References
EU Restore. Guidance and tools for hydromorphological assessment and physical
restoration of rivers and streams in Europe.
http://wiki.reformrivers.eu/index.php/Main_Page [Accessed 20/02/2018]
River Habitat Surveys. http://www.riverhabitatsurvey.org/ [Accessed 20/02/2018]
River Habitat Survey Guidance Manual in Britain and Ireland.
https://www.gov.uk/government/publications/river-habitat-survey-guidance-manual
[Accessed 01/05/2018]/
The modular river survey. https://modularriversurvey.org/ [Accessed 20/02/2018]
JNCC National Vegetation Classification http://jncc.defra.gov.uk/page-4259 [Accessed
20/02/2018]
JNCC Common Standards Monitoring Guidance. http://jncc.defra.gov.uk/page-2272
http://www.condatis.org.uk/
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Objective ES1. To sort and qualify the multiple benefits achieved by the projects
in a nationally consistent way, informed by the Evidence Directory
What is the monitoring objective?
When implementing WWNP/NFM interventions there are numerous ways in which the
projects can achieve multiple benefits. The Evidence Directory used the benefits wheel
to provide indicative scores across a series of categories:
 Water Quality and sediment
 Ecology and Habitat Provision
 Climate Regulation
 Low flows
 Health & Access
 Flood - Fluvial/Coastal/Surface Water/Groundwater
 Aesthetic quality – sense of wilderness,
 Cultural Activity
 Air quality
An example benefits wheel looked like this

The benefits wheel was derived
subjectively for the Evidence
Directory. It’s quite likely that some
of the parameters will be
subjectively assessed for the
monitoring as well, but we will try to
impose some standardised
guidance to help sort the data onto
the 5 point scale. It goes without
saying that the scores are not
intended to be additive across the
categories meaning that each
segment is independent.
Fig 4 :The benefits wheel

What are the monitoring activities?
The HAB1 and HAB2 scores should also be used in the benefits wheel. Habitat: this
will be the derived from the area derived for objective HS2.
To be consistent with the Evidence Directory, the GIS tool will follow the same
categories of multiple benefits. The justification for the scores given can be provided in
a short report where appropriate.
Obviously there’s no point in subjectively plucking a score out of thin air. So we have
drafted a series of tables, one for each category, to act as a simple guide. It’s only a 5
point scale after all.
Within the table each category is sub-divided into 5 sub-categories. Under each subcategory there are only 4 thresholds (the 5th is left blank). For each sub-category select
the threshold description that best suits the project outcomes and note the score (which
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will be between 0 and 4). Add the scores across the 5 categories, divide by 5 to find the
mean score, then add 1 for every 4 that was recorded, up to a maximum score of 5 for
that category.
An example table, for water quality, looks like this:
Score

Water
quality
improve
d over
what
area (if
no
improve
ments
are
noted
score 0
for the
benefits
wheel)

General
starting
condition
of water
bodies in
the local
catchment
(if no
improveme
nts are
noted
score 0)

From the
following list
there are
improvement
s in sediment
load, P, N,
other
pollutants,
DO, BOD

Water quality
improvement
s apply to

Time

1

<100m2

oligotrophic

1 of the above

Running water

2

1001000m2

mesotrophic

2- 3 of the
above

Static water

3

100010000m2

eutrophic

4-5 of the above
or >1 +
sediment

4

>10000m
2

hypereutroph
ic

All 6 and more

Groundwater at
point of
infiltration not at
depth
Sensitive
groundwaters,
shellfish waters,
bathing beaches

Improvement
s occur < 2
weeks/year
Improvement
s occur <
2months /
year
Improvement
s occur <6
months/year
Improvement
s occur 6-12
months/year

5
Score for the benefits wheel for water quality: ((3+3+4+2+2)/5)+1=4
0 stays as 0.
Any negative consequences must be listed in the lessons learned.
The thresholds, particularly those relating to size, may not be set at the right levels yet.
Do we expect the scores for all projects to come in and conform to a skewed
distribution, or a normal distribution, for example? So if any quantification for water
quality is available it would be useful to have some facts and figures in an
accompanying report. So that a more scientific analysis can be undertaken in 2021 if
required. It is very important that we know which elements have been the subject
of monitoring, and which are estimates prepared for the purposes of reporting.

Why is this data needed and how will it be used?
The Defra 25 year plan promotes us taking a natural capital based approach to all
decision making. The Defra Appraisal Guidance is unequivocal in recommending that
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consideration of multiple benefits informs options identification and selection in relation
to FCRM expenditure on flood defence and coastal erosion projects.
Collation of this data in relation to NFM projects improves our ability to describe the
strength and breadth of the benefits. The data should strengthen community buy in to
current and future projects. And if the data can be compared across projects, then we
can use the output to inform predictions for future projects of particular types or in
certain locations.
From the text provided in the monitoring template we will be able to:
 Develop pre- and post-project multiple benefits wheels to summarise the multiple
benefits achieved by the project
 Describe qualitatively the multiple benefits achieved by the project, this narrative
will sit alongside the benefits wheels
How should the monitoring be undertaken – the categories, sub-categories and
thresholds?
The following tables should be used to derive the scores for each segment of the
benefits wheel
Ecology and Habitat Provision
Score

Habitat
directly
created/
enhanced

Wider
habitat
enhanceme
nt or
positive
influence

No. of
Rare or
‘desired’
species
that
habitat is
improved
for

added
resilience
supplied to
climate change

Delivers WFD
benefit or
benefit to
designated
sites

1

<100m2

<10km2

1

Removes or
partially
removes a WFD
pressure

2

1001000m2

10-100km2

2- 5

3

100010000m2

100-1000km2

6-10

4

>10000m2

>1000km

>10

Extends the time
that suitable
conditions are
available < 2
weeks/year
Extends the time
that suitable
conditions are
available <
2months / year
Extends the time
that suitable
conditions are
available > 2
months/year
Extends N S E or
W range for
species,
assemblages, or
habitats

Partially delivers
WFD
improvement

Delivers WFD
improvement

Turns
unfavourable to
favourable

5
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Water quality
Score

Water
quality
improved
over what
area (if no
improvem
ents are
noted
score 0
for the
benefits
wheel)

General
starting
condition of
water
bodies in
the local
catchment
(if no
improvemen
ts are noted
score 0)

From the
following
list there
are
improvem
ents in
sediment
load, P,
N, other
pollutants
, DO,
BOD

Water quality
improvements
apply to

Time

1

<100m2

oligotrophic

1 of the
above

Running water

2

1001000m2

mesotrophic

2- 3 of the
above

Static water

3

100010000m2

eutrophic

Groundwater at
point of infiltration
not at depth

4

>10000m2

hypereutrophic

4-5 of the
above or
>1 +
sediment
All 6 and
more

Improvements
occur < 2
weeks/year
Improvements
occur <
2months / year
Improvements
occur <6
months/year

Sensitive
groundwaters,
shellfish waters,
bathing beaches

Improvements
occur 6-12
months/year

5
Climate regulation
Score

Carbon
sink
habitat
created
or
enhanced

Saltmarsh
created or
woodland
planted

Carbon in
Carbon in
imported
construction
construction activities
materials

Carbon in
operation
used in
maintenance
(exc
inspection)

1

<100m2

<100m2

Insert metrics

2

1001000m2
100010000m2

100-1000m2

Insert metrics
that are
consistent with
Engineered
solutions

>10000m2

>10ha

that are
consistent
with
engineered
solutions
Zero or
negligible

Insert metrics that
are
consistent with
engineered
solutions

Zero or negligible

Zero or
negligible

3
4

1000m2-10ha

5
This table is still awaiting information. It has to work for EA projects which can plug
straight into the carbon calculator But have an alternative that the community projects
can convert the records that they keep into equivalent carbon based values
Looking for easily convertible values that can be used to define a scale for these
projects
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Examples:
M3 concrete used
digger/tractor hours
weedcutting
pump operation
Or contact the EA and ask for the details to be put through the carbon calculator

Low flows
Again this table will be completed for the final reference version of this report.
Score

Direct
measurement
of low flow
diminution
(sort of
inverse of
hydrograph
peak flow
supression)

Approx.
extent of
water
course
positively
affected

Approx.
extent of
wetland
habitat
positively
affected

Resumed or
prolonged
spring
activity/seepage

Sustainable
geomorph in
water course
channels
(not silting
as much)

1
2
3
4
5

Air quality

Score

1
2
3
4

Heat sinks and
temperature
regulation(urban
and water
temperature)

Reduced
peat
oxidation
and
methane
production
etc

Air
pollution
(e.g. NOx)
and
particulate
uptake by
vegetation

Vegetation
cover
reducing
windborne
soil erosion
and
producing
O2.

Buffering
capacity
including
noise, aerial
drift of
pesticides,
acid rain,
road runoff

Proximity to
road or other
source

5
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Health
Score Concern
about
flood risk
Community
1
actively in
support of
the NFM
solution

2

3

4

Community
that has a
history of
flooding is
supportive
of the NFM
solution 10
or < 10
households
Community
that has a
history of
flooding is
supportive
of the NFM
solution or
> 10
households

Community
has
avoided
evacuation,
Or
community
operates
the NFM
defences
Or
Community
that has a
history of
flooding is
supportive
of the NFM
solution >
100
households

Land based
recreation

Water based
recreation

Education

Quality of life
capital

Access private
apart from
organised
access events

Provision of
facilities for
water based
recreation e.g.
fishing,
angling,
launching,
porterage, hire,
wild swimming
Provision of
facilities for
water based
recreation e.g.
launching,
porterage, hire,
wild swimming

Leaflets about
the site
available
(noticeboards
only if
appropriate to
the aesthetic
value)

People have
access, at least
to part, at all
times; either
access and/ or
landscape
quality is
improved <1ha

School, club
and
educational
visits by
arrangement

People have
access, at least
to part, at all
times; either
access and/ or
landscape
quality is
improved >1ha

Provision of
facilities for
water based
recreation e.g.
launching,
porterage, hire,
wild swimming
but in a locale
where these
facilities are
easily
accessed from
large town/city
(<10km)
Zoned water
based access
that maximises
interaction with
the
environment,
>3 types of
water based
activities occur
regularly
Or >10km of
water based
new access

Features to
enable anyone
to interact with
and learn
about the
environment,
occasional
student
projects, facility
to gather and
analyse data
collected ad
hoc

Has created >4
specific
improvements
with wellbeing
as an objective

Site education
officers,
ongoing
research
projects,
planned and
implemented
citizen science
programme of
activities, well
developed data
collection,
storage and
reporting

Has created a
high quality
integrated
package
maximising
feasible
opportunities for
improvements
with wellbeing
as an objective

Part of a
footpath
network or on
a permissive
path network
< 5km

Part of a
footpath
network or on
a permissive
path network
> 5km, and or;
Accessible to
all (DDA
compliant),
circular walks
available, new
cycling and
horseriding
access
Provision of
boardwalks or
special access
paths, zoning,
opportunity to
interact with
wildlife
>2km
Or
>10km of land
based new
access

5
The above table covers:
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Reduction in concern about flooding or about flood risk management (defences
don’t need to be as big so their impact on the environment is reduced)
Quality of the environment improved with respect to inducing state of well-being

Aesthetic quality –
sense of wilderness, proximity to town/city





appearance, naturalness, vernacular design and materials
contact with wildlife, accessible
contrast, continuity, tranquillity
appropriate management, speed of recovery from management, small
interventions

Sco
re

Appearance

Wilderness
experience

Contact
with
wildlife
and/or
flood
defence
function

Contrast
with wider
area

Naturalness
and
maintenance

1

Uses
vernacular
materials

the ‘how’ and
‘why’ of the
flood defence
function is
performed is
clear to
people from
the design
layout

Successfully
integrates into
the existing
environment

2

Uses
vernacular
materials and
is clearly
influenced by
vernacular
design at
every
opportunity

Opportunities
for contact
with wildlife
(flora and/or
fauna)

Improves the
aesthetic
quality of the
surrounding
environment

3

Design experts
acknowledge
the quality of
the design
solution in that
setting –
maybe used to
influence
design of
subsequent
projects

Within 10km
of town or
city and
providing or
augmenting
a resource
for people to
enjoy
wilderness
and
associated
activities
(e.g. den
building)
Site
contributes to
the
sustainability
of a larger
area of
‘natural
countryside’
that people
can enjoy
Site is large
enough to be
able to
explore
without being
constantly
being
reminded of
the physical
boundaries
or limits to
the site

Alternatives
to signs have
been
included (no
conventional
signs)

Improves the
aesthetic
quality of the
surrounding
environment in
an area where
landscape and
infrastructure
of a high
quality is in
known short
supply (e.g.
HMWB, AWB)

Periodic
maintenance or
operation is
required
(automated
mechanical
operation does
not count), max
30 working days;
includes post
flood
maintenance/repa
ir (excluding
manual methods)
After initial
modifications or
adjustments, the
maintenance
input is
anticipated to
reduce to <30
working days per
annum (excluding
manual methods)
Maintenance is
minimal or
unobtrusive (e.g.
little and often), <
30 working days
per annum and
using handtools
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4

Good design
incorporates
art work which
is successfully
integrated into
the design or
operation

Facilities for
visitor
comfort and
enjoyment, if
provided are
discreetly
incorporated,
or the site
provably
improves an
area of
landscape
quality e.g.
National
Park, AONB,
National
Trust
property or
equivalent
function

Guided study
walks/cruises
, performing
arts,
ephemeral
arts, visitor
participation,
lantern walks
– there are a
whole host of
options for
engaging
people with
the aesthetic
qualities of
the site

Brings the
countryside
into an
urban/industria
l
area/intensivel
y used
(intensive
agriculture,
commercial
shipping) area

Left to evolve
naturally without
loss of quality of
aesthetics; no
management
required

5
Cultural Activity
Score agriculture

1

Soil
improvements
(e.g. reduced
peat
oxidation,
compaction,
microbial
activity),
2
<100m

2

Soil
improvements
2
100-1000m

3

Soil
improvements
10002
10000m

Historic
environment,
traditional
skills

Social
capital
including
socioenvironment

The arts and
leisure

The future

Sustainable
continuation of
landscape
evolution note:
this might
actually involve
‘no change’ in
key features, at
the local scale
<1ha
Uses traditional
skills in the
management
and/or
produces
traditional
projects

Indicators of
sense of place

The subject of
some kind of
artistic
endeavour
(e.g. this can
include
children’s
educational
drawings)

Nutrient sink,
not just for
carbon, has
been created

More people, or
a greater range
of people, are
visiting this
location for
enjoyment (e.g.
can include
workers on
lunch break
through to
tourists)

Provision of art
that is integral
to the message
and contributes
to the
enjoyment of
the site (can be
ephemeral,
doesn’t have to
be permanent)

Uses, restores
or repurposes
historic
environment
assets

People are
engaging with
the
environment,
communicating
about it,
actively
volunteering

Art and science
and leisure
combine in
some
interesting
ways

The project
was successful
in that there
was
opportunity and
funding made
available to
retrospectively
plan or
implement
further
improvements
More projects
are planned, or
are at least in
demand, on the
basis of this
project
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Soil
improvements
2
>10000m

4

Sustainable
continuation of
landscape
evolution note:
this might
actually involve
‘no change’ in
key features
>10ha

jobs and
apprenticeships
increase

Recognised as
providing
opportunity for
public
involvement in
artistic activity

Property values
are likely to
have
increased; or
there is other
evidence of a
link to
regeneration

5




Social capital and ease of access, locals vs visitors, , volunteering
The arts, lunch time, magnet,
The future, socio economy, jobs and apprenticeships property values, agriculture &
soil health

Table still needed for flooding

Flooding – to include degree of influence on other
project design
Achieving proportionality - what level of monitoring should be undertaken?

Complexity
simple

Description of the method
 Using data if available, but otherwise using expert opinion, use the
tables to compile benefits wheels.
 State how this was done, e.g. expert panel, workshop, and the
extent to which the estimates were supported by e.g. monitoring
evidence, experience, case studies etc.
 Use desk based data for some features, e.g. PROW extent,
intermediate  Where available, throughout the project collect quantitative data6
which can be used to add weight and sit alongside your response
to the template
 Use simple models like Ecostatus, supplemented by e.g. Blue
Horizons to collect results
Consider using ecosystem services assessment to reduce the
uncertainty associated with the estimates
complex







Consider Ecosystems Valuation
Input data from the carbon calculator
Reports from landscape architects, archaeologists, social
scientists etc
Use published peer reviewed studied to inform the findings
Consider user surveys and output from public consultation
exercises (market research questions must be designed by
professionals in that field)

Notes:
Whilst this monitoring objective does not need to be addressed until 2021, throughout
the project you should keep notes of the types of information listed above which will
need to be captured in the GIS tool.
6

e.g. water quality (Kgs of pollutants removed), climate change (Tonnes of carbon stored), recreation and health (No’s of visits per
annum) and education (No’s of visits per annum).
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How do you record if the situation is made worse? Or if remediation had to be
implemented to deal with unintended consequences? This aspect is still under
development.
There is no valuation expected when we refer to ecosystem services or natural capital.
Valuation is expected when specified as Ecosystem Valuation of Natural Capital
Approach.
The scale: we may not have got this right because in the first instance we used the
scales derived for the Evidence Directory (below table 1.4)
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7

Partnerships and
engagement objective

Main aim of DEFRA funding: Project(s) support and develop partnership working with
and between communities to explore how they can help deliver flood risk
Objective of the project being monitored: To evaluate the relative level of
partnership and engagement
To establish if this objective has been achieved the following monitoring objectives
are suggested.
PAR1. to understand the types of partnerships and funding
What is the monitoring objective?
To determine the extent to which partnership and external funding were both utilised
and essential to the realisation of the project
Partnership:
 Was partnership working essential
 Did you utilise pre-existing partnerships or create new ones
 Number of partner organisations (funding or contributions in kind or both)
 Names and types of partner organisations (please do not list private individuals and
be aware of data protection law and etiquette at all times)
 % contribution of funding in total supplied by partners excluding funding in kind
 Approximate % value of contributions in kind to the project
 Types of contribution in kind received
 How the project was managed with partners (e.g. legal documentation,
collaborative projects, MOAs, MOUs, etc.)
 Extent to which the conditions associated with partnership changed the project
 How easy was it to secure partners?
 Were any affected landowners/farmers/occupiers essentially partners
External funding:
 Is external funding essential
 External funding secured (% of total budget)
 Names and types of external funding, excluding partnerships, but including
fundraising activities
 Approximate number of hours spent securing external funding
 Did conditions attached to external funding change the project
 How easy was it to secure external funding
Partner and funder communication:
 Did all partners and funders understand the vision/objective and aims of the project
 Did all partners and funders stay informed of the progress of the project, and was
this a disproportionate burden
 Were the benefits of the scheme to the community relevant to the partners or
funders
 Did you discover additional funders or partners during the project and what further
activities have been initiated following new collaborations
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Lessons learned

(Information and estimates to be completed within the relevant template tabs)

PAR2. to understand the engagement
What is the monitoring objective?
to determine the extent to which community engagement was undertaken and was
potentially essential to the realisation of the project
Communications planning:
 To what extent did you anticipate that communications and engagement would
influence the project
 Did the project have a communications and engagement plan
 At what stage in the project did the communications and engagement start in
earnest
 Did you use a communications ‘professional’ at any stage
 Did communications and engagement figure in any project risk analysis
Farmer/landowner/property owner/tenant engagement:






Private, NGO, public ownership of the land
Did the ‘landowner’ etc have other reasons to ‘welcome’ the project e.g.
compliance, organisational objectives
How did you overcome any uncertainty or resistance from the landowner(s)
Did you have to abandon or substantially change any elements of the project in
relation to landowner requirements
Were there any added opportunities in respect of landowner preferences

Local community and users:
 Approx. percentage of people residing in the project area that were engaged
with
 How the needs of the community had been taken into account during the
decision-making and planning process
 Support from the community for project components or activities
 Concerns expressed by the populace
 Concessions made and changes to the project
 Opportunities realised as a result of public engagement
 Modes of communication
 Events
 Educational elements (formal and informal)
 Arts based events or outputs, specify type of participation
 Sport and leisure opportunities, specifying types of participation (including
continuous access or focussed on events)
 Successes
 Lessons learned
Organisation based community(ies):
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Names and types of the organisations the project engaged with (please do not list
private individuals and be aware of data protection law and etiquette at all times)
How did the organisational community(ies) influence the project outcomes
significantly
In-kind contributions made to the project (e.g. time, knowledge, support, data) as a
result of engagement (rather than a formal partnership)
MP/Councillor/Parish Councillor engagement and outcomes
Links made with educational establishments (including student projects)
Publications (grey literature)
Publications (peer reviewed or newspaper/news coverage or similar)

Why is this data needed and how will it be used?
Responses in the template are needed to be able to describe to funders and partners
the nature and extent of any partnerships created and any additional funding sources
they have brought to the project.
From the responses you provide in the template we will be able to derive:
 Qualitative descriptive text and quantitative data to describe extent and nature of
the partnerships involved in the project
 Qualitative descriptive text to describe impacts of new collaborations
 Qualitative descriptive text and quantitative data to describe extent and nature of
external funding contributions brought to the project
 Degree of public involvement
 Information on additional opportunities that were realised
 Lessons learned
How should the monitoring be undertaken?
Complexity Description of the method
all
 By 2021 fill in the template on partnerships and funding sources
provided by the Environment Agency?
Important points to note
Whilst this monitoring objective does not need to be addressed until 2021, throughout
the project you should keep notes/records of the types of information listed above
which will need to be captured in the template.
References
Please suggest any appropriate guidance that you have used, for inclusion in the final
version of this guidance.
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Research objectives

Main aim of DEFRA funding: Project(s) contributed to research and development
Objective of the project being monitored: To implement WWNP/NFM measures
which help to address research and development gaps by Year 2021.
To establish if this objective has been achieved the following monitoring objectives
are suggested. The research outputs will be recorded in three places:
 The template. This allows policy makers, academics and other partnerships to see
where NFM research has been carried out.
 Catchment Change Database (CCD) This has been developed under the NERM
NFM call and contains the available NFM specific parameter values which can be
used in calculations and modelling along with the associated uncertainty.
 Research reports and papers.
RES1. Measurements to establish change to hydraulic roughness to help future
model parameterisation
What is the monitoring objective?
For each project by 2021 undertake measurements/assessments:
 Pre-project (prior to implementation) – at the implementation site(s) of in-channel
and/or surface roughness
 Post-project (post implementation, once measures are fully established) – at the
implementation site(s) of in-channel and/or surface roughness
Why is this data needed and how will it be used?
Undertaking this monitoring objective will enable us to collate Manning’s ‘n’ roughness
coefficients for different NFM measure types. This will help us understand how different
NFM measures affect hydraulic roughness, which in turn will improve our ability to
model the effects of NFM and calibrate the models which will improve our confidence in
their predictions.
Each of these methods will have some limitations and uncertainties and should be
highlighted, particularly with regards to the scale of which it is being measured.
This monitoring objective is not relevant for all measures or interventions.
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How should the monitoring be undertaken?
Complexity
simple

Description of the method
Record which textbook Manning’s n roughness values are applicable for
the site/area/reach (e.g. from Chow, 1959)
intermediate In-channel roughness (bed and banks)
Roughness cannot be measured directly. However, observed values of
roughness can be derived by inverting Manning’s equation7 and
measuring the component terms.










7

The equation should be applied to a number of flood peaks pre- and
post-implementation and Manning’s ‘n’ values calculated for each
peak.
The friction slope (Sf) can be determined from two water level
observations (u/s and d/s of the modified reach). These could be
from either continuous recorders or peak level gauges, but must to
be tied into Ordnance Datum.
The distance along the flow path (the river channel) between the
water level gauges is also required, either from survey or suitably
detailed mapping.
The sites of the two water level gauges should be chosen so that the
cross sections are fairly similar (so that there is little difference in
velocity head) and be sufficiently far apart that errors in
measurement are small compared to the difference in elevation
between them. It is likely they will need to be at least 100m apart, but
will depend upon the slope of the river.
The discharge (Q) should be measured with a continuous gauging
station. Measurement by deployment of a gauging team to take spot
measurements of appropriate peak flows could also be considered,
but would depend upon people and equipment were available and
deployed in a timely manner.
The area (A) and hydraulic radius (R) can be determined from cross
sectional surveys of the locations of the two water level recorders.
These should be surveyed at least twice, pre- and postimplementation.

The required inversion of Manning’s equation is:

n is Manning’s ‘n’
Q is the discharge rate (m3s-1)
A is the cross-sectional area (m2)
R is the hydraulic radius (m)
Sf is the friction slope (-)
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complex

Floodplain roughness
Floodplain roughness can be measured using the same principles
described above, but some of the details will need to be adapted,
particularly if independent measurements of channel and floodplain flow
cannot be made (as will usually be the case). Allowance will also need
to be made for differences in slope between the channel and the
floodplain.

At sub-headwater and catchment scale, roughness is an ‘effective’
model parameter and so is dependent upon the model used and the
scale at which it is applied. Consequently, a suitable hydraulic model will
be required, along with observations of flow and water level and survey.
These should also be supported by independent observations of
overland flow paths. It is difficult to provide generic guidance for how to
do this.
Important points to note
NA
References
Conveyance Estimation System – Roughness advisor. This provides unit roughness
values. http://www.river-conveyance.net/ [Accessed 20/02/18]
Ven Te Chow (1959). Open Channel Hydraulics. McGraw-Hill.
RES2. Measurements to establish changes to soil infiltration and storage
What is the monitoring objective?
For each project by 2021 undertake measurements to establish:
 Pre-project (prior to implementation) – the current state of the soil in terms of its:
o storage capacity
o infiltration potential
o potential to generate overland flow
o soil health (e.g. soil organic matter content, soil structural condition)
o crop yield observations where relevant
 Post-project, the impact of good soil management practices on its:
o storage capacity
o infiltration potential
o potential to generate overland flow
o soil health (e.g. soil organic matter content, soil structural condition)
o crop yield observations
o resilience through anecdotal information
Why is this data needed and how will it be used?
The results of this monitoring will enable us to collect information on soil compaction,
runoff and infiltration. This data can helps us in the long-term be better able to model
the effects NFM measures on infiltration and soil water storage. The approaches listed
below can be built on from easy through to hard but they are suggested methods for
projects to choose from.
How should the monitoring be undertaken?
Complexity Description of the method
simple
Combination of these methods which should be comparable to the
scale of the project.


Simple soil pit examination three per field in representative areas
of the whole i.e not in the margins or heavily trafficked areas (e.g.
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Complexity

Description of the method
Visual Evaluation of Soil Structure (VESS) for Soil Health)
 Review of past soil compaction surveys if available
 Anecdotal survey/photos showing off site impacts linked to
accelerated runoff
 Worm counts
 Bulk Density
 Soil Health indices
 Surface roughness changes
 Infiltration using a simple open pipe
 Observations from farmers on duration of soil saturation and any
notable changes in this
 Photos and observations during and after rain at the field scale
intermediate  Soil moisture probe before and after implementation
 Surveys grouped into: low, medium and accelerated runoff
 Soil moisture data from tensiometers / probes
 Infiltration – Mini disc infiltration method
 Organic matter content as indicator of soil health and water
holding capacity
 Consider link to surface roughness points made above
 Soil compaction assessment pre- and post-land use / land
management change using soil pits and standard NSRI
methodology (e.g. degradation Low, Medium, High or Severe)
(Holman, et al., 2001)
 Anecdotal information on drought resilience
complex
 Soil infiltration measures using double ring infiltrometers,
lysimeters or runoff plots
 Runoff plots and lysimeters should provide either runoff in volume
and or an Standard Percentage Runoff (SPR) for that field
 Soil moisture retention
 Roughness drone survey
 Hydraulic conductivity (Guelph permeameter)
Important points to note
This monitoring objective won’t be relevant to all of the projects only those which
include measures to improve the condition of soils. 'Softer' information on changing soil
condition will be input into the GIS tool.
References
Holman, I.P., Hollis, J.M. & Thompson, T.R.E. (2001). Impact of agricultural soil
conditions on ﬂoods – Autumn 2000. R&D Technical Report W5B-026/TR, Environment
Agency, Bristol, UK.
Thinksoils Examining soil structure: A practical guidance for digging a hole.
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme
nt_data/file/292786/gesw0210brts-e-e.pdf
Visual Evaluation of Soil Structure (VESS) for Soil Health.
https://www.sruc.ac.uk/info/120625/visual_evaluation_of_soil_structure [Accessed
02/05/18)
RES3. Measurements to establish effect on sediment conveyance to the
watercourses
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What is the monitoring objective?
To monitor sediment load changes to downstream flow gauging station to ascertain
sediment storage function under different flood and antecedent conditions. Reduced
sediment loading can significantly influence fluvial and estuarine geomorphology,
reducing riverine erosion, and benefits hydro-ecology and transport of particle bound
nutrients.

Why is this data needed and how will it be used?
This data can help us better understand the relationship between NFM and sediment
deposition at a local or catchment scale, and is based on the premise that the soil is
better retained on the land than in the watercourses. Sediment management can
include interventions at source and pathway; the latter includes the deposition of
sediment on the floodplain by floodwaters. There is a high degree of cross-over of
knowledge possible with the techniques being used to reduce agricultural diffuse
pollution using on-farm measures, and with SUDS in the urban context.
How should the monitoring be undertaken?
Complexity
simple

Description of the method
 Desktop study / historical research of downstream sedimentation or
dredging records.
 Fixed point photography
 Summary information recorded whether sedimentation is affecting
ecology
intermediate  Accurate survey of ground surface levels behind dam or RAF/pond
bed levels to measure silt depths at certain locations throughout the
year and after a flood event.
 This is likely to be assessed during high flows with the measurement
of sediment load and nutrient load at the downstream flow gauging
station.
complex
 Sediment fingerprinting surveys
 Real time and online monitoring of sediment flux (e.g. via turbidity,
total suspended solids for fine sediments) and nutrient flux (e.g.
auto-analysers, auto-samplers)
Important points to note
NA
References
Encyclopaedia of Hydrological Sciences (2005). Part 7: Chapter 86 - Measuring
Sediment Loads, Yields, and Source Tracing. John Wiley & Sons.
RES4. Measurements to establish effects on low flows
What is the monitoring objective?
The monitoring of flows to better understand how the frequency, duration, and extent of
low flow events could change as a result of NFM. For each project by 2021 undertake:
 Pre-project (prior to implementation):
o A desk-based study of the site(s) to collect a baseline understanding of flow
discharge (this could be modelled results, etc…)
o Set-up equipment to collect baseline information in catchment or instrument
a similar catchment without NFM and a similar baseflow index to enable
comparison
43





Following implementation:
o Collect level and/or flow/discharge low flow data throughout the project’s
duration from continuous monitoring. Derive appropriate stage-discharge
relationship in open channels.
Post-project:
o A desk based study to summarise results of flow/discharge monitoring and
to compare them to baseline data to show a change in hydrograph pre- and
post-implementation of NFM measures

Why is this data needed and how will it be used?
Whilst the primary objective remains that NFM features or interventions are effective on
attenuating or reducing the flood hydrograph, when water levels are higher, some
interventions on some soils may also influence flow during droughts. Soils with a high
capacity to absorb and retain wetness can become a source for spring activity through
the summer. Alternatively, water may help to maintain water levels in the aquifer
following percolation through the soil and rock, which again can positively influence
water levels in watercourses with a higher degree of groundwater connectivity. The
effect of NFM measures in relation to summer storms is less well understood.
Retention of the rainfall in the catchment could be perceived as depriving the
watercourses of a flush of water, with the consequent benefits to cleanse away silts
that have accumulated. More research is required to understand:



the positive consequences (e.g. reduced risk of summer washout at critical lifecycle stages or aquatic organisms)
the negative consequences (e.g. evapo-transpiration losses due to catchment
vegetation)

As a result of the attenuation of the flood hydrograph, or in other words re-instating
more natural catchment conditions, during times of storms that are breaking droughts.
However, this data can provide evidence to help us in the long-term better understand
the relationship between NFM and low flows since low flows are highly relevant to other
environmental receptors such as hyro-ecology. It will also improve the links between
NFM projects and other areas of EA work and support additional business drivers as
well as our other statutory obligations.
From the monitoring data you collect we will be able to derive:
 Qualitative text to describe how measures functioned during low flow periods
 A statistically robust analysis describing changes to low flows following the
implementation of NFM interventions (likely to involve hydrograph analysis)
How should the monitoring be undertaken?
Complexity
simple

Description of the method
 Anecdotal evidence collated (e.g. crop drought resilience)
 Local Water resources observations
 Desk-based study of the site(s) to collect a baseline understanding
of low flows – This can be obtained from model results, past
catchment studies, existing gauging stations, low flow investigations,
etc.
 Set-up flow/discharge data collection equipment to collect data on
flow throughout project duration
 Post-project desk-based study to compare data collected during the
project to either:
o Results of previous models/studies
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Complexity

Description of the method
o Paired-catchment
o Baseline dataset
intermediate  Set-up flow/discharge data collection equipment taking a paired
catchment approach to enable you to compare the effects of NFM
measures on flows against a similar catchment where no
interventions are made
 Work with Water Companies to access and pool relevant data and
studies
 Desk-based analysis of results of routine hydro-ecological
monitoring
complex
 Set-up flow/discharge data collection equipment in catchment where
interventions are planned and collect baseline data prior to
implementation to enable you to compare the effects of NFM
measures on flows before and after interventions are installed
 Undertake spot flow gaugings to derive or check the stage-discharge
relationship.
 Collate information on irrigation demand
 Hydro-ecological studies
Important points to note
How to undertake this monitoring needs to be carefully considered at the start of the
monitoring planning process as follow up activity will be required when the environment
and access will be different and health and safety risks will be different and need full
consideration.
The monitoring design should consider the length of baseline monitoring that is
required; the stability of the river bed and blockages to flow as well as the positioning
the flow-gauge to record a representative NFM signal from the modified catchment.
The suggestion of collating irrigation demand is not relevant for short duration projects
and its value needs to be carefully considered. It will need to be interpreted against
weather records.
If level and/or flow/discharge measurements are not possible within your catchment
then please speak to your Hydrometry and Telemetry colleagues to establish other
techniques available to collect flow/discharge data.
References
Environment Agency guidance on measurements of flow and level (Chapter 6).
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/654431/
Working_with_natural_processes_evidence_directory.pdf [Access 16/02/18]
Herschey, R.W. (2008). Streamflow Measurement. 3rd edition. CRC Press.
RES5. Measurements to establish effects on groundwater levels
What is the monitoring objective?
The aim of this monitoring objective is to ascertain the potential groundwater recharge
benefits of NFM. NFM stores water in the catchment which should create additional
infiltration and groundwater recharge over time and potentially increase underlying
groundwater levels.
Why is this data needed and how will it be used?
The results of this monitoring will enable us to collect information on groundwater
recharge as a result of NFM. This data can help improve our understanding of the
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relationship between NFM and underlying groundwater systems and help us build this
into our conceptual understanding. The results of this monitoring will also help us
understand if NFM can:
 Support the achievement of the Water Framework Directive objectives;
 Provide resilience against the impacts of climate change; and
 Help mitigate the impacts of groundwater abstraction.

How should the monitoring be undertaken?
Complexity
simple
intermediate

complex

Description of the method

 A Hydrogeological conceptualisation of the NFM site using
local borehole logs in the area and local knowledge, in
relation to the location of long-term Environment Agency
groundwater level monitoring boreholes.
 The installation of piezometers to collect groundwater data.
Possibility of installing nested piezometers depending on the
geology.
 The purpose of the piezometers is to measure how the
hydraulic head changes over time.
 Once suitable monitoring boreholes have been identified, a
statistically robust data analysis will be performed to assess
groundwater levels during the pre- and post-NFM installation
period. This will involve detailed hydrograph analysis to
identify differences in average groundwater levels, peaks,
troughs and lag times between peak rainfall intensity to peak
groundwater levels. This can only be undertaken on good
quality long-term groundwater level records Long-term
groundwater level records can help to ascertain if
groundwater levels and recharge have been influenced by
the installation of NFM measures and additional storage
within the catchment. It is likely to involve a lag time
assessment and the analysis and interpretation of
groundwater levels during pre and post NFM installation
periods. It will be necessary to install continuous loggers at
appropriate boreholes. The Environment Agency GW &
Contaminated Land Teams could also modify regional GW
Models to assess the impact of recharge on groundwater
levels and they will provide technical support during this
task.

Important points to note
This project objective will only be achievable where NFM projects are located above
groundwater level monitoring boreholes with suitable long-term records.
References
NA
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9

Reporting and evaluation

The reporting and evaluation of the Defra £15M will be in four parts:


The GIS tool. The information from the tool can be used by:
o

The delivery organisations and their partners to show their communities the
work they are doing and the benefit this work is bringing, both to flood risk
and multiple benefits. The outputs can be plugged straight into partnerships
online mapping to maximise the engagement value of the data that is
collected. Basic data will be available from the start for all of the projects but
this data will grow and improve as each project delivers NFM features.

o

The Defra family and CaBA NSG can analyse the information collected to
quantify the flood risk assets that have been delivered and the multiple
benefits that have come from each project. This data can be summarised
spatially to identify hotspots and gaps in delivery.

o

Natural Capital accounting. The information collected forms a register of
natural assets along with their location; a quantification of the size of the
assets in terms of flood risk reduction and the multiple benefits/dis-benefits
that come from them. This is a key component of natural capital accounting.

o

The Defra family can identify what additional information has been collected
by each project lead in the templates below.

o

Academics will be able to access the soft information gathered which will
provide useful data for the development of scenarios. The GIS tool will also
help academic institutes build a network of researchers.



The templates. These are effectively executive summaries of the information
required from each project. The templates reduce the workload on the partnerships
and provide a consistent evidence base which can be evaluated by policy makers,
CaBA NSG and academics. The templates have been designed to provide the
information necessary to identify opportunities and barriers to the delivery of NFM.
The templates will be completed when the project is finished, however, a number of
the templates require data to be collected before and during construction. Any
analysis of this summary information will take place after the majority of the projects
are completed in 2021. The analysis of some of the data, specifically the
Partnership building information may be quite sensitive as it could show gaps in
delivery from some organisations.



Bespoke reports and papers. These are linked to from the templates so that the
wider NFM community can access and learn from in depth data collection and
analysis



Lessons learned where negative consequences will be recorded.

In the long-term, once the projects are completed, the Environment Agency is likely to
conduct a review to draw together the monitoring results from across all the projects to
establish what has been learned. The outcomes of this will be used to inform an update
to the existing Evidence Directory.
Please note additional advice on data storage, data analysis, data interpretation
and upscaling and down scaling of results might be added at a later date for the
26 Catchment-scale projects depending upon demand from those projects.
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Appendix 1. Equipment and Indicative costs
Table A1.1 Description of some of the described monitoring equipment and
potential costs
Parameter
Monitoring Estimate Installation Limitations
Maintenance
instrument guide
time in
frequency
price
days (in
(capital
~10km2
costs)
catchment)
Photos
Photos
Free if
< 0.25
Photos need
Visual check
(qualitative using phone using
Installing
to be at a
that fixed
evidence)
own
fixed point
fixed point to
point
phone
photography be useful.
photography
posts to
post is still in
enable
Photos need
place
people to
to be stored
take photo
with a record
in same
of location,
location
date and time
taken and
description of
what they are
showing
Time-lapse
camera

Peak level

£100–
£400

0.25

Needs
Monthly or biappropriate
monthly
signage
(CCTV
monitoring
guidelines).
Difficult to
capture data
at night.
Manual ‘peak level gauge’ recorder installed in NFM feature to provide
evidence of changes in peak level which can be photographed at a fixed
point

48

Table A1.2 Basic hydrological monitoring instruments with estimated costs
Parameter

Monitoring
instrument

Estimate
guide price
(capital
costs)
£100–£300

Installation
time in days
(in ~10km2
catchment)
0.5

Limitations

Maintenanc
e frequency

Water level

Capacitance
rod

Not as
robust as a
pressure
transducer;
limited depth
range.

Non-vented
pressure
transducer

£400–£600

0.5

Water level

Vented
pressure
transducer

£800–
£1,000

0.5

Water level

Chain and
counterweig
ht system

£1,000–
£1,500

1

Water
velocity

Acoustic
Doppler
devices

£2,000–
£6,000

1

Rainfall

Tipping
bucket rain
gauge

£400–£800

0.25
(assuming
compound
fence is in
place to
protect from
livestock)

Weather
parameters
for

Weather
station

£3,000–
£8,000

1

Requires
barometric
correction
for air
pressure.
Vent
breathing
tube must
always be
above the
highest flood
level.
Physical
measure –
must always
be taller than
the highest
level.
Cost and
installation is
trickier than
the above.
Must be
located
following
guidelines
as this can
lead to
underestimat
ion of
rainfall.
Lots of parts
to maintain.

All water
level/velocity
recorders
should
realistically
be
maintained
monthly and
after high
flow events
As above

Water level

As above

As above

As above

Monthly to
ensure
equipment is
clean

Minimum
monthly
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Appendix 2. Research gaps
Gap 1: The flood risk Impact of WWNP measures across
different scales

The effectiveness of WWNP measures alone, in clusters
or in combination with other forms of FCRM for a range of
return periods and a range of different catchment scales on:
 flood level/flow for range return periods
 flood peak (including synchronisation and backwater
effect)
 flood storage
Including understanding of:
 what scale/extent of a WWNP measure is needed in a
catchment to reduce flood risk
 how effective measure (including soils) are when fully
saturated
Gap 2: Performance and design life
The whole life performance and engineering design
standard of WWNP measures need to be understood.
Specifically information is required on:
 whole life costs of measures
 SoP to downstream communities
 comparative assessments between WWNP/NFM and
traditional measures
 how long does it take for the measures to work
 how long does the measure last (design life)
 how frequently do they need to be maintained
Gap 3: Typology, geology, sediment management and
conveyance
How do WWNP measures function in different catchment
typologies/geologies and what effect do they have on
sediment management and conveyance? Specifically:
 What are the flood risk effects of proposed measures in
groundwater-fed catchments?
 What are the flood risk effects of your proposed
measures in lowland catchments? (including pumped
catchments and perched river systems)
 Do the measures affect channel conveyance?
 Do the measures trap sediment and reduce the need for
channel maintenance?
Gap 4: Wider benefits
 Ecosystem service benefits of different measures
including (quantitative information if possible)
 Role of WWNP/NFM in making catchments more
adaptable/resilient to climate change

Do the monitoring
objectives described
here help fill these
gaps?

(FR2/3)
(FR2/3)
(FR2/3)
(FR2/3)
(RES2/3)

 (FR4)
(FR1/2/3)

(FR1/2/3/4)
(FR4)
(FR4)

 (RES5)
(FR2/3)
(FR2/3, RES1)
 (RES3)
 (HAB1/2, RES3/4)
 (HAB2)
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Appendix 3. NFM measures types
River and
floodplain
management
River restoration
Floodplain/
wetland
restoration
Leaky barriers
Offline storage
areas

Woodland
management

Run-off management

Catchment
woodland

Soil and land
management (soil
aeration, hedges, buffer,
stocking density, veg
cover, conservation
tillage, crop rotation)

Cross-slope
woodland
Floodplain
woodland
Riparian
woodland

Coast and
estuary
management
Saltmarsh and
mudflat
management
Sand dune
management

Headwater drainage
Beach
management (grip
nourishment
blocking, gully blocking,
vegetation management
and flow paths on
field/tracks/roads/ditches)
Run-off pathway
management (ponds,
swales and sediment
traps)
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Appendix 4. Habitats of principal importance in England (Section 41,
NERC Act 2006)
Broad habitat
Arable and horticulture
Arable and horticulture
Boundary
Coastal
Coastal
Coastal
Coastal
Coastal
Coastal
Freshwater
Freshwater
Freshwater
Freshwater
Freshwater
Freshwater
Grassland
Grassland
Grassland
Grassland
Grassland
Grassland
Heathland
Heathland
Heathland
Inland rock
Inland rock
Inland rock
Inland rock
Marine
Marine
Marine
Marine
Marine
Marine
Marine
Marine
Marine
Marine
Marine
Marine
Marine
Marine

Habitat name
Arable field margins
Traditional orchards
Hedgerows
Coastal saltmarsh
Coastal sand dunes
Coastal vegetated shingle
Intertidal mudflats
Maritime cliff and slopes
Saline lagoons
Aquifer-fed naturally fluctuating water bodies
Eutrophic standing waters
Mesotrophic lakes
Oligotrophic and dystrophic lakes
Ponds
Rivers
Lowland calcareous grassland
Lowland dry acid grassland
Lowland meadows
Purple moor-grass and rush pastures
Upland calcareous grassland
Upland hay meadows
Lowland heathland
Mountain heaths and willow scrub
Upland heathland
Calaminarian grasslands
Inland rock outcrop and scree habitats
Limestone pavements
Open mosaic habitats on previously developed
land
Blue mussel beds
Estuarine rocky habitats
Fragile sponge and anthozoan communities on
subtidal rocky habitats
Horse mussel beds
Intertidal boulder communities
Intertidal chalk
Maërl beds
Mud habitats in deep water
Peat and clay exposures
Sabellaria alveolata reefs
Sabellaria spinulosa reefs
Seagrass beds
Sheltered muddy gravels
Subtidal chalk
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Broad habitat
Marine
Marine
Wetland
Wetland
Wetland
Wetland
Wetland
Wetland
Woodland
Woodland
Woodland
Woodland
Woodland
Woodland

Habitat name
Subtidal sands and gravels
Tide-swept channels
Blanket bog
Coastal and floodplain grazing marsh
Lowland fens
Lowland raised bog
Reedbeds
Upland flushes, fens and swamps
Lowland beech and yew woodland
Lowland mixed deciduous woodland
Upland mixed ashwoods
Upland oakwood
Wet woodland
Wood-pasture and parkland
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Appendix 5. Typical Manning’s ‘n’ values (adapted from Chow, 1959)

Type of channel and description
Minimum Normal
Main channels:
0.030
 clean, straight, full stage, no riffles or deep 0.025
pools

Maximum



clean, winding, some pools and shoals

0.033

0.040

0.045



sluggish reaches, weedy, deep pools

0.050

0.070

0.080



very weedy reaches, deep pools

0.075

0.100

0.150

Floodplains:
 short grass

0.025

0.030

0.035



mature field crops

0.030

0.040

0.050



medium to dense brush, in summer

0.070

0.100

0.160



dense willows, summer, straight

0.110

0.150

0.200

0.033
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