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1 INTRODUCTION
Managing flood risk in river systems represents a
significant challenge for national and local
authorities in England. While current policy and
legislation highlight the importance of managing
flood risk by balancing cost-effectiveness, efficiency
and sustainability123, increasing population numbers,
building on floodplains for housing or industry, and
climate change represent significant challenges to
practitioners. Attempts to maintain or increase the
current level of flood protection while
simultaneously contributing to multiple policy
objectives are, therefore, likely to require
consideration of all flood management options
available.
A consensus now exists within the government and
industry that the risk to people, property and the
economy cannot be managed simply by building
more and larger flood defence structures4. Instead, a
wide range of complimentary strategies must be
considered – including protecting, restoring and
emulating the natural regulating function within
catchments (i.e. including rivers channels, riparian
areas, floodplains and coasts) – an approach known
as Natural Flood Management (NFM).
The Environment Agency believes that NFM should
be integral to flood risk management. Schemes
should seek to incorporate working with natural
processes wherever possible, whether NFM
represents the near-total approach, or is a smaller
part of a larger strategy.

measures may offer significant opportunities for
working with natural fluvial processes to help protect
communities, property, infrastructure and economic
activities. In addition, by working with natural
processes, there is considerable opportunity for
additional benefits (e.g. overlap with Water
Framework Directive objectives, increase in
resilience to climate change, ecological/ habitat
improvement).
Considerable opportunity exists for using NFM to
meet the current challenges posed by flooding and
budgetary constraints
deli e i g a d a i
Flood Risk Management (FRM) approach (one where
effects are not static as in the case of flood
embankments but can, instead, provide increasing
relative benefit with increasing flood magnitude).
However, its uptake faces significant challenges,
including limitations in the existing evidence base
supporting NFM measures, as well as cultural and
institutional barriers.
One of these barriers, as identified in the
E i o e t Age
s e e t Wo ki g ith atu al
processes to reduce flood risk research framework5,
is the lack of operational guidance available for
practitioners. This report aims to address this gap by
providing practitioners with practical guidance that
allows them to mobilise current research and
evidence-base to develop their own NFM projects.

It is the objective of this report to prese t su i t a d a essi le tool o -st le guida e for
scoping of opportunities for NFM implementation in rural catchments in England. Managers
and practitioners will be provided with an indicative sequence of actions and clear links to
available
evidence
facilitate
Against the
backdropand
of datasets
mounting that
challenges
to NFM implementation. In addition, a catchment
case
study
will be presented
to illustrate
how the recommendations outlined in the Toolbox
flood risk
management,
the implementation
of NFM
can be turned into feasible flood risk management projects.
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What is Natural Flood Management (NFM)?
Natural flood management encompasses a suite of measures which work with natural processes to
retain water in areas where it poses less of a hazard to commercial and residential property. They exist
alo g a o ti uu : fro
i i al i ter e tio approa hes allo i g ri ers to flo a d flood aturall ,
to considerable modification of the landscape, such as creating regulated washlands on a formerly
drained floodplain or reforesting upland areas5.
The primary aim should be to restore the natural functioning of river catchments as much as possible.
Where natural recovery is not possible, measures can be used to emulate natural processes to manage
flood risk. Due to the diverse character of potential measures, NFM projects should be interdisciplinary,
utilising the skills of geomorphologists and ecologists alongside engineers and hydrologists to achieve
the best outcomes.
Generally, three mechanisms/ strategies are accepted amongst practitioners when referring to NFM
approaches that manage flood risk in rural catchments:
1) Increasing infiltration (e.g. restoring peat uplands, changing agricultural practices to reduce soil
compaction, improve soil quality and promote absorption of water, reforestation)
2) Storing water (e.g. restoring functioning floodplains, retention ponds, wetland creation, bunds)
3) Slowing flows (e.g. restoring natural processes and landforms to the river corridor, woodland
buffer strips, woody material dams).
These general NFM approaches tend to apply in different discrete zones within a catchment:
A) The historically active alluvial zone (channel, riparian and floodplain areas)
B) The out-of-floodplain areas (e.g. valley sides, uplands).
The description of NFM methods in this document will indicate within which of these general
catchment zones they are typically applied (although, in practice, there is some degree of overlap).
Different terminology is often used to describe such techniques, including soft engineering, green
infrastructure and natural water retention measures. This report uses the term natural flood
management to encompass any measures which work with natural processes to manage flood risk.

Environment Agency position statement on natural flood management (NFM)
Natural flood a age e t is, a d should e, a i tegral part of the sustai a le a age e t a d
reduction of flood risk. We will look for natural flood management opportunities in all our flood risk
management schemes, whilst recognising that it will not be applicable in every case. Sometimes it will
be the whole solution; sometimes it may have a smaller role, but it will always be considered when
looking at how to manage and reduce flood risk due to the potential for multiple benefits.
We will promote this approach in our work with other flood defence authorities. When developing our
own flood risk management plans, strategies and schemes we use cross-disciplinary teams to identify
ultiple e efits fro the start. .
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Rationale for this Document
Despite the growing interest in natural flood management among land managers, government (and
associated agencies) and communities, a recent study by the Environment Agency identified that
there is a lack of clear and concise guidance to assist practitioners in scoping new projects.
This report aims to fill this gap by presenting a step-by-step guide to planning and delivering new
NFM projects for rural catchments in England. At each stage, users will be signposted to external
evidence, datasets and guidance to support them in selecting and implementing appropriate NFM
measures for their catchments. In addition, a case study (Appendix 1) illustrates how the NFM
Toolbox can be used to deliver feasible flood risk management projects.

This document will equip practitioners to:
• Characterise flood risk drivers at a catchment scale and build an understanding of the physical
and human variables contributing to local flood risk;
• Mobilise scientific evidence for assessing the feasibility and effectiveness of NFM measures;
• Access available baseline data for their catchment and understand what additional data they may
require;
• Access guidance on stakeholder engagement to effectively promote the implementation of NFM
projects;
• Explore funding streams and mechanisms for implementation of NFM projects; and
• Gather best-practice guidance on post-implementation monitoring for NFM measures.

Who should use this report?
The NFM Toolbox aims to support individuals and organisations involved in managing flood risk at a
local level, including local authorities, landowners, farmers, and voluntary sector organisations.
In particular, it is intended for those who are new to working with natural processes, especially at the
early stages of scoping new projects.

There is no one-size-fits-all approach to NFM: the effect of measures applied successfully
in one scheme may deliver different outcomes elsewhere. Therefore, options need to be
carefully evaluated based on the catchment characteristics, site constraints (e.g. existing
land use and infrastructure) and empirical evidence. This underlines the need for a step-bystep toolbox to support practitioners in scoping new projects.
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2 SUMMARY OF DOCUMENT STRUCTURE
Section 3. Literature Review
This section summarises the key opportunities for
NFM in England and the barriers to their wider
implementation, based on a review of the latest
scientific evidence, policy developments and case
studies.
It examines the direct and indirect benefits, costeffectiveness and ecosystem services that NFM can
deliver. In addition, this will provide a review of the
existing evidence-base and the challenges associated
with a fragmented network of land ownership, policy
and funding sources.
Practitioners are provided with a concise summary of
the most recent and relevant progresses in NFM
scoping and implementation, together with links to
relevant publications that offer in-depth evidence
and analysis. It should be noted that given that NFM
is a very dynamic area of research/ application, there
are frequent new publications/ research studies
becoming available. The Environment Agency will,
therefore, seek to regularly update these references.

Section 4. NFM Toolbox
The NFM Toolbox provides an adaptable, nonbinding decision-support tool linked to best practice/
available guidance. This will direct practitioners to
existing tools and in-depth resources, including
descriptions of specific NFM measures, case studies
illustrating where these have been successfully
implemented, scientific evidence and available
funding sources. Throughout the Toolbox, 7 steps
and 2 overarching processes will be explored to
support practitioners in:
• Obtaining general flood risk and catchment
characterisation data. The most significant
variables impacting flood risk at different scales

will be outlined. In addition, guidance to where
practitioners can access this data (for example,
topography, land use/ cover, soil types, historical
modifications, precipitation etc) will be presented
alongside an assessment of commonly found
constraints and limitations.
• Understanding what NFM measures are feasible
and construct a critical assessment of their
effectiveness and limitations. Specific measures
will be cross-referenced with case-studies
illustrating their application over multiple scales,
assisting practitioners in evaluating each
measure s
site-specific
suitability
for
implementation.
• Assessing what datasets will be required and
their appropriate spatial resolution. Examples of
relevant field surveys (e.g. fluvial audits, sediment
budgets, drainage assessments) as well as
relevant computer modelling (e.g. hydrologic and
hydraulic) will be explored in this section.
• Promoting successful stakeholder engagement.
As a critical step to the implementation of all
NFM-related projects, a series of lessons learned
from projects successfully implemented will be
presented alongside an analysis of the most
common constraints and challenges faced by
NFM projects.
• Understanding available funding streams for
implementation of NFM measures. Information
will be provided on the bodies currently
developing NFM related projects and the research
priorities defined for funding. Different
mechanisms of funding will also be considered. In
addition, recommendations will be made to
programmes monitoring post-implementation
effectiveness and their links to relevant funding
bodies.
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The Toolbox will include links to comprehensive
information on all NFM measures presented. In
addition, crucial elements at each step of the
decision-making process will be highlighted.

Appendix 1. Toolbox Implementation Case
Study
The tool o app oa h de eloped i main body of
the document will subsequently be tested in a
specific catchment.
This section will follow the steps outlined in the
tool o
app oa h to test the feasi ilit of
implementing them to a specific context. An
assessment of the constraints faced during the
testing of the NFM Toolbox will be provided
alongside a series of recommendations for additional
research.
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3 LITERATURE REVIEW
Working with natural processes can offer a number
of advantages over traditional flood management.
However, despite the growing interest in NFM
techniques, this is still a relatively new approach
facing numerous barriers to its wider
implementation. Based on an introductory of the
scientific literature and latest policy, the key
opportunities
and
challenges
for
NFM
6
implementation are summarised below .

Opportunities for NFM implementation
Delivering multiple benefits
Increasingly, flood risk management is viewed as
more than a single-outcome activity: if planned
strategically, the management of water and
resources can deliver multiple benefits to society
and the environment.7, often referred to as
e os ste se i es 8, the complementary benefits
of NFM can present opportunities for improving:
• Biodiversity
• Other environmental classification (e.g. WFD)
• Improved water quality

•
•
•
•
•

Sediment management
Food production
Recreation
Carbon storage
Increased resilience to climate change9.

Additional detailed information on the linkages
between NFM and ecosystem services can be found
i SEPA s Natural Flood Management Handbook
(Chapter 4).10
Successful NFM projects are, therefore, considered
to hold the pote tial to deli e a i - i solution
for
flood
alleviation
and
environmental
enhancement – objectives which have been viewed
as mutually exclusive in the past with traditional
ha d e gi ee ed flood p ote tio
o ks. For
instance, the River Quaggy Flood Alleviation Scheme
in London aimed to reduce flood risk to 600
properties and 4,000 people by re-meandering a
straightened river. The scheme was the driver for the
landscaping of Sutcliffe Park (Figure 1) that delivered
a dual pu pose spa e o tai i g a e flood

Figure 1. The River Quaggy Flood Alleviation Scheme at Sutcliffe Park, London. Image: RESTORE Partnership
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retention area with a capacity of 85,000 m3 as well as
improvements in the amenity value of the park for
local population. The newly created wetlands also
increased biodiversity and the park was
subsequently designated a Local Nature Reserve.11
However, to ensure success in the delivery of
multiple benefits, practitioners need robust,
evidence-based guidance to support the required
planning and of appropriate measures.
Delivery of low cost, resilient solutions
A potential advantage of NFM measures is that they
may be significantly less expensive to implement
tha t aditio al ha d e gi ee ed defe es, su h as
flood walls or embankments.12 For example, the
Slowing the Flow project at Pickering was launched
after the government was unable to justify the costs
of new hard flood defences (see Box 1). Not only are
the capital costs of traditional defences frequently
high, but they also require substantial funding for
ongoing maintenance. An important element to
consider when planning the delivery of NFM
measures is that, due to their reinstatement/
emulation of sustainable and natural process, the
requirement for long-term funding associated with
maintenance activities will likely be lower than for
traditional flood protection schemes. Furthermore,
given its capacity to deliver ecosystem services
beyond flood alleviation alone, NFM may also prove
more cost-effective, if its multiple benefits are
considered13.

Box 1. Slowing the Flow at Pickering
Pickering in North Yorkshire suffered from
flooding four times in the last decade, causing an
estimated £7 million of damage in 2007 alone. A
proposed traditional flood alleviation scheme was
dee ed u affo da le a o di g to ost-benefit
thresholds, so a Defra natural flood management
pilot scheme was developed instead14. Completed
in 2015, the project cost £4.2 million for design,
modelling and construction of the following
measures15:
• Bunds to increase flood storage (£2m
construction cost);
• 167 large woody material dams to slow flows
and increase floodplain storage;
• Blocking of moorland drains;
• Planting 29 ha of floodplain and riparian
woodland;
• Targeted woodland creation (15 ha) and farmscale measures to improve soil infiltration; and
• Buffer zones alongside streams to delay runoff.
In addition to meeting the primary objective of
protecting the town for at least a 1 in 25-year
flood, the project also contributed to
improvements in water quality, habitats, carbon
sequestration and tourism. It is led by the
Environment Agency and Forest Research and
supported by a partnership of government
agencies, landowners and the local community.
Alignment with current policy
The UK Government also considers that alternative
approaches to flood management like NFM can add
alue to ha d defe es he e the a e still
required. In addition, NFM projects can reduce the
cost of hard engineered flood defences significantly
(i.e. by reducing the height the flood defences need
to be built to, through the attenuation of the flood
peak).
Fu the o e, the E i o e t Age
s guida e
for appraising flood and coastal risk management
initiatives recognises that working with natural
processes can also increase the flexibility and
resilience of proposed solutions16. For instance, most
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NFM schemes incorporate a range of measures
distributed across catchments. Current research
indicates that, i p i iple, a po tfolio o i i g
several flood defence measures can more effectively
reduce risk, compared to relying on one or two
measures17.
Support for working with natural processes to
manage flood risk has now been embedded across
government policy and legislation in the UK and
Europe. In 2008, The Pitt Review recognised that
catchment management can contribute to
increasing infiltration, storing water and slowing
flo s a d e o
e ded g eate
o ki g ith
18
atu al p o esses . This has been integrated into
policies by Defra19, the Coastal Erosion Risk
Management Strategies by the Environment
Agency20 and the Welsh Government21, as well as the
EU22. NFM also has the backing of private sector
institutions, including the Chartered Institute for
Water and Environmental Management (CIWEM)
and the Construction Industry Research and
Information Association (CIRIA).
Pitt Review
"It is now widely accepted that flood risk cannot
be managed by simply building ever bigger hard
defences. Softer approaches, such as flood storage
and land management, can offer more sustainable
ways of managing the risk, and can complement
and extend the lifetime of more traditional
defences." Pitt Review: Learning Lessons from the
2007 Floods, 7.101.
In addition, by delivering multiple benefits, NFM can
potentially help to meet multiple policy targets and
fast-t a k the i ple e tatio of NFM s he es. For
instance, by contributing towards achieving
biodiversity and water quality targets in the EU
Water Framework Directive, additional sources of
funding for NFM projects may be mobilised.

Numerous funding sources
The supportive policy environment means that there
is now more financial support available for NFM than
ever before.
E uall , u de sta di g ho NFM s ultiple e efits
can address different policy targets can open up
additional funding sources, an approach which has
not been widely exploited to date, particularly for EU
agri-environment schemes and other funds 23, 24 (see
Case Study 1 , Stroud Rural SuDS Project).
Since the policy and funding of NFM is spread over
many different agencies, project partners can find it
difficult to access the resources available to them.
These challenges and opportunities are discussed in
Step 2 of the NFM Toolbox.

Challenges to the implementation of Natural
Flood Management
Limits to evidence base
A body of evidence exists suggesting that working
with natural processes can effectively contribute to
flood management. Some limitations to the existing
evidence-base for NFM implementation should,
however, be recognised.
Current research has predominantly focused on
small catchments and small-magnitude, relatively
frequent flood events (as indicated by extensive
reviews by the Environment Agency25, Centre for
Expertise for Waters (CREW)26, CIRIA27). As a result,
an exhaustive assessment of measure effectiveness
only exists in this context. However, the evidence
supporting NFM as a tool for alleviating flooding at a
catchment scale and/ or extreme floods is much less
conclusive28. Therefore, this uncertainty and
perceived risk can pose a barrier to justifying the
funding of new projects29,30.
This gap in the existing evidence-base can be partly
attributed to the small number of existing
catchment-scale studies and the inherent difficulty
i ups ali g the fi di gs f o o e stud to la ge
catchments or sites with different site-specific
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characteristics (such as land use, geology and
topography)31. In addition, NFM is a relatively recent
area of interest and there has therefore been limited
research and long-term monitoring of existing
schemes. Collecting the necessary data can require
significant long-term funding and prove technically
difficult, particularly where flood alleviation is
considered a secondary objective in schemes
focused on habitat creation or water quality32.
Consequently, the EA has recognised that more
evidence is needed to increase confidence in NFM
at a range of catchment scales and types and is now
funding research to test the effects of NFM, including
at h e t la o ato ies 33 (see Case Study 2 ,
Belford, Northumberland).
Current expert opinion generally agrees that
regardless of the evidence base, some uncertainty
will always exist when working with environmental
processes. This uncertainty can, however, be
minimised and mitigated using the most up-to-date
resources available to practitioners. For example,
the Environment Agency has recommended that
g ee e gi ee i g te h i ues should e de eloped
which can be adapted to uncertain conditions, such
as climate change and extreme rainfall34.
To assist practitioners in understanding the potential
benefits of new NFM schemes, the Toolbox
presented in this report will signpost users to the
latest scientific evidence.
Stakeholders and partnership working
Since NFM projects can involve interventions
throughout a catchment – from uplands through to
lowland floodplains – their implementation requires
the input and cooperation of a potentially wide
range of stakeholders. However, effective
partnerships can be challenging, particularly when
working with diverse groups possessing potentially
independent objectives, such as farmers and land
managers, community groups and Rivers Trusts, the

Environment Agency, local authorities, water
companies and environmental consultants.
Early consultation and cooperation with land owners
and managers as well as the involvement of NGOs
(such as Rivers Trusts) is considered best practice
and can significantly benefit the overall project
success rates. In addition, engagement with the
wider community and the use of demonstration
projects to illustrate how NFM can be implemented
have been cited among the top strategies for
successfully implementing NFM projects35. For
instance, working with landowners can help to
overcome obstacles such as loss of income or
farmland value, as well as highlight preferences for
historic management approaches, such as dredging
rivers36. The lessons learned from existing NFM
projects are explored in detail throughout the
Toolbox, alongside guidance for working with
stakeholders. See, for instance, the work of the
Tweed Forum in bringing together partners from the
private, public and voluntary sectors to implement
natural flood management at Eddleston Water (Case
Study 3 ).
Governance and institutional barriers
The principal institutions involved in governing flood
risk management in England and Wales are
summarised in Box 2. Whilst this promotes
partnership working between different agencies, the
fragmentation of governance can also make it
unclear who is responsible for specific elements of
an NFM project37, as well as creating a barrier to
sharing expertise and developing projects.
Furthermore, since working with natural processes is
a relatively new approach to managing flooding, no
single agency has been identified as responsible for
project delivery, production of guidance or provision
of funding. This is particularly relevant where
projects involve multiple objectives such as
biodiversity, WFD targets, water quality and flood
risk management38, which fall under the remit of
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different agencies and departments, thus lacking a
system for joining up local delivery39.
Therefore, to assist the scoping and implementation
of NFM schemes, the NFM Toolbox contains concise
guidance to simplify the process of identifying the
appropriate regulators and legislation.
Box 2. Flood risk policy regulators
Lead Local Flood Authorities are responsible for
developing and applying local flood risk
management strategies in England and Wales, as
required by the Flood and Water Management Act
2010.
At the national level, strategies are coordinated by
the Environment Agency and Natural Resources
Wales who produce flood risk management plans
(FRMPs) for each river basin district, including
flood risk maps and proposals for managing
flooding.
The Department for Environment, Food and Rural
Affairs (Defra) and has national responsibility for
flood risk management policy in England,
providing funding to environmental regulators,
local authorities and internal drainage boards (a
similar approach exists in Scotland and Northern
Ireland, albeit with different legislation and
organisations).
Flood risk initiatives in the UK must also comply
with European legislation, in particular, the EU
Floods Directive, Water Framework Directive,
Habitats Directive and Birds Directive.
Access to funding
The previous section discussed how the
implementation of NFM measures can often be less
expensive than traditional ha d e gi ee i g flood
defences. However, many NFM practitioners find it
challenging to secure the resources required to plan,
design and implement schemes, as well as
compensation for changes in land use40. In addition
to the fragmentation of government institutions
outlined above, sources of funding are dispersed and
project managers may not be aware of what is
potentially available.

Some policy and funding mechanisms may also act as
disincentives to implementing NFM. For instance,
where Single Farm Payments could be reduced if
land is removed from agricultural production by
riparian fencing to limit livestock access, or creating
flood storage ponds41. Additional barriers to
financing projects include agreeing on the value of
agricultural land42 and the lack of catchment-scale
evidence for flood alleviation benefits discussed
above43.
Importantly, the implementation of a catchmentscale NFM projects can represent a complex
undertaking, extending over a number of years and
can potentially come across additional challenges
associated with the availability of continued funding.
Step 2 of the NFM Toolbox will assist practitioners in
identifying relevant opportunities from the complex
network of funding streams.
Lack of guidance for practitioners
Effective, evidence-based guidance is needed to
support the planning of new NFM schemes, including
selecting appropriate techniques, working with
stakeholders and accessing project finance.
The Environment Agency considers that clear and
o ise guida e is a p io it ' fo e a li g
practitioners to work with natural processes with
confidence44. Therefore, a need exists both for new
guidance to apply the findings of existing scientific
research evidence as well as a signposting to existing
guidance and tools45. Whilst a number of tools are
currently available (Table 1), many do not singlehandedly meet the requirements for scoping new
NFM projects. For instance, they may vary
significantly in scope and detail46, lack decisionmaking guidance based on empirical research,47 or
not cover the whole range of available techniques.
For instance, the Healthy Catchments48 website
contains a comprehensive list of NFM techniques,
but lacks tools to assist practitioners in selecting
appropriate
measures
for
their
project.

10

11

Alternatively, the Floods and Agriculture Risk Matrix
(FARM)49 developed by Newcastle University is a
decision support tool design to investigate the
impact on runoff of changes to agricultural land use,
but lacks advice on river or floodplain techniques.
This plethora of reports, websites and software can
often prove challenging to navigate, highlighting the

need for a concise Toolbox that guides practitioners
through the decision-making process. The following
section of this report will, therefore, include the
necessary signposting to assist practitioners in
navigating through the key resources and datasets
that will allow for successful implementation of NFM
schemes.

Table 1. Overview of current guidance and tools for working with natural processes to manage flood risk in rural areas
Title

Publisher

Type

Benefits (✓) and limitations ()

Natural Water
Retention Measures
(NWRM) project
Weblink

European
Union, 2014

Website
and
reports

Healthy Catchments
Weblink

Environment Website
Agency, 2013

✓ Covers 41 river, land and woodland
management techniques, including detailed
PDFs and 100+ case studies
✓ Be efit ta les ati g NFM easu es i
terms of their ecosystem services, including
flood risk reduction
 PDF i ple e tatio guide a la k detail
 Policy and funding guidance lack UK context
(EU-focused)
 Volume of information can be overwhelming
✓ Describes 25 river and land management
measures
✓ Thorough description plus case studies
 Focused on achieving WFD targets for
habitats, with flood risk a secondary aim
✓ Online guide with detailed case studies
explaining how river and floodplain restoration
is applied in practice
 Main objective is to restore natural forms
and processes, although flood risk impacts are
discussed in case studies
 Doesn t cover land use or catchment
measures
✓ Comprehensive guide for delivering NFM
projects, including appraising options, project
management, funding and monitoring
✓ Covers river and land management
measures
 Very long document; better-suited to
informing projects already underway
 Aimed primarily at local authorities
✓ Includes step-by-step framework for
planning channel management projects
✓ Sele tio Mat i sp eadsheet assists ith
choosing measures based on river type,
covering 37 measures

Manual of River
River
Restoration Techniques Restoration
Weblink
Centre, 2013

Website

Natural Flood
Management
Handbook
Weblink

Scottish
Report
Environment
Protection
Agency, 2015

Channel Management
Handbook
Weblink

Environment Report
Agency, 2015

Decisionsupport
tools?
Yes

No

No

Yes

Yes
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Table 1. Overview of current guidance and tools for working with natural processes to manage flood risk in rural areas
Title

Publisher

Type

Rural Sustainable
Drainage Systems
(RSuDS)
Weblink

Environment Report
Agency, 2012

Runoff Attenuation
Features. A guide for
all those working in
catchment
management
Weblink

Newcastle
University,
2011

Report

Belford Catchment
Proactive Flood
Solutions: A Toolkit for
Managing Runoff in the
Rural Landscape
Weblink

Newcastle
University,
2010

Report

River Rehabilitation
Guidance
for Eastern England
Rivers
Weblink

River
Restoration
Centre, 2005

Report

Working with natural
processes to manage
flood and coastal
erosion risk. A
guidance document
Weblink
The Floods and
Agriculture Risk Matrix
(FARM)
Weblink

Environment Report
Agency, 2010

Newcastle
University,
2013

Software

Benefits (✓) and limitations ()

 Includes instream measures only, not
floodplain or catchment; includes some nonNFM measures
✓ Concise descriptions of measures for
intercepting runoff and drainage pathways in
rural areas, including costs, performance,
design guidelines and funding sources
✓ Table rating performance of RSuDS methods
in terms of controlling flow, sediments and
diffuse pollution
 Main objective is controlling diffuse
pollution and water quality, although flood risk
impacts are considered throughout
 Does t o e i e o floodplai
easu es
or land use changes
✓ Details the operation, benefits,
environmental considerations, consents and
approvals for NFM measures
✓ Based on research in Belford,
Northumberland
 Covers only five measures (offline flow
storage, online flow storage, intercepting flow
pathways, woody material and riparian
management)
✓ Outlines a step-by-step approach for
delivering NFM projects, including planning,
data requirements, stakeholders and
regulation
 Describes how the approach was applied in
Belfo d, athe tha a ead -to-use toolkit
which can be used elsewhere
✓ Detailed description of 9 river restoration
techniques including impacts on flood risk
(conveyance, hydraulic properties and
modelling requirements)
 Doesn t cover the full range of restoration
methods; lacks land use or catchment
measures
✓ Lists 16 river and land management
techniques based on catchment location plus
case studies
 Lacks detailed description of measures

✓ Excel spreadsheet for exploring how
farming practices can impact flooding and
mitigation measures

Decisionsupport
tools?

Yes

No

No

No

No

Yes
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Table 1. Overview of current guidance and tools for working with natural processes to manage flood risk in rural areas
Title

Publisher

Type

LUCI (Land Use and
Capability Indicator)
Weblink

Victoria
Software
University of
Wellington
& Centre for
Ecology and
Hydrology

Land Management
CFMP Tool

Environment
Agency

Software

Benefits (✓) and limitations ()

✓ Visual outputs (Excel matrix and scenario
diagrams) aid stakeholder engagement and
discussion of methods
 Does t o e i e o floodplai
easu es
✓ ArcGIS-based tool for exploring the impact
of land use changes on ecosystem services
including flood risk, sediment yields, water
quality, agricultural productivity and habitats
✓ By visualising evidence, it can help
engagement between farmers/landowners
and technical specialists
Release date for England not yet announced
Does t o e i e o floodplai
easu es
✓ Spreadsheet tool for completing Catchment
Flood Management Plans (CFMPs) to explore
how land use changes can affect flooding
 Covers broad land cover categories only, not
river and floodplain measures or runoff
attenuation features

Decisionsupport
tools?

Yes

Yes
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4 NATURAL FLOOD MANAGEMENT TOOLBOX
The Toolbox diagram is presented in Figure 3. A
toolbox for planning and delivering natural flood
management (NFM) projects illustrates a proposed
sequence of steps for delivering successful NFM
schemes. It should be noted that the timing,
resources and activities needed to plan and
implement schemes may vary from project to project
and that the steps presented in this toolbox are
necessarily indicative and adaptable. However, the
seven key steps outlined in this chapter can be

adapted to provide useful guidance to a wide range
of potential NFM schemes. Some steps may overlap,
su h as Ide tif fu di g (Step 2) a d Data ollatio
(Step 3). Importantly, certain activities will be
ongoing processes, spanning the majority or totality
of the projects. This report provides additional
guida e o Working with stakeholders a d Policy
and Legislation Compliance p o esses hi h should
be considered throughout the conceptualisation and
development of any NFM project.

Figure 3. A toolbox for planning and delivering natural flood management projects
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Step 1. Define objectives
Drivers for flood risk management
The specific drivers and objectives for new flood risk
management schemes will vary from site to site.
Common drivers include:
•
•
•

•

A history of local flood damage not addressed by
traditional flood defences
The desire/ interest to implement policy and
strategies that promote NFM
Mai te a e of e isti g ha d flood defences or
construction of new structures is not considered
economically viable
Flood risk management may represent a
secondary objective in an existing project e.g.
habitat restoration.

In many cases, the impetus for a specific project will
be to implement goals and actions outlined by
official legislation or policy. In particular, Local Flood
Risk Management Strategies (LFRMs) and Flood Risk
Management Plans (FRMPs) outline the risk of
flooding and how it will be managed across local
areas (e.g. counties and boroughs) and larger river
basin districts, respectively. In other instances,
objectives falling outside official strategies may be
identified by voluntary groups such as landowners,
Rivers Trusts or community associations.
A p oje t s o je ti es a e efi ed th oughout the
project, particularly following Step 2 (Identify
funding) once a clearer picture of the whole
catchment is available, including pressures,
constraints and opportunities for NFM.

Non-flood risk objectives
Working with natural processes can deliver benefits
to people and the environment beyond flood risk
management alone (see literature review),
including:
•
•
•

Improved biodiversity and habitat quality
Other environmental classification (e.g. WFD)
Water quality

•

•
•
•

Water resource benefits (e.g. storage and release
of water due to restoring wetlands or peat
uplands)
Recreation and tourism
Climate change mitigation and resilience
Carbon storage.

Some objectives may be driven by legislation or
policy, for instance, River Basin Management Plans
(RBMPs) which work towards targets set by the EU
WFD for the ecological, biological and physiochemical status of water bodies across Europe.
Projects with multiple objectives can also increase
their cost-effectiveness, as well as potentially
opening up additional funding sources (see Step 2).
Therefore, this approach is recommended when
assessing opportunities for implementation of NFM
schemes.

Additional Guidance
The following organisations offer professional
expertise and advice which may be useful both at
the start and throughout your project:
Environment Agency Customer Care Centre
Provides general advice including flood risk
legislation and which permits may be required.
Contact: Email or 03708 506 506.
ENDS Directory
Lists environmental consultants and suppliers in
the UK: Weblink
Catchment Based Approach (CaBA)
Brings together partnerships to deliver
improvements to water environments at the
catchment scale. Can provide technical support,
advice, training and mentoring: Weblink
River Restoration Centre
Provides advice on river restoration scoping,
design, implementation and monitoring, as well as
training courses. Some services are free to small
community groups and trusts: Weblink

15

16

Step 2. Identify funding
This section presents a guide for securing project
finance (Figure 4), as well as a list of potential
funding sources (Table 2).

What is funding needed for?
Regardless of its size, every NFM project will need to
secure funds to cover costs. These are likely (but may
not be limited to) the following:

•
•
•
•
•

Feasibility studies and modelling
Project design
Materials and labour for construction
Compensation for land owners/ managers
Post-implementation monitoring.

The types of costs incurred will vary from scheme-toscheme. For instance, feasibility studies, design and

Figure 4. Actions for identifying and applying for funding
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modelling tasks are more likely to apply to larger
schemes where detailed engineering and a
comprehensive understanding of the effects of the
scheme on river dynamics/ processes is required (for
example, re-meandering straightened rivers and
reconnecting them with their floodplains through
embankment breaching/ lowering/ removal).

Steps for securing funding
Investigating funding sources should start as soon
the p oje t s ai s ha e ee defi ed Step 1).
Securing funds can take time and the process may
continue throughout the project.
Figure 3 outlines a sequence of actions for
identifying and applying for funding, as follows:
A) Define project aims including multiple benefits
B) Discuss potential income sources with project
partners and other stakeholders
C) Shortlist potential funds
D) Draw up a schedule for making formal
applications and informal approaches
E) Prepare and submit applications.

Sources of funding
Table 2 is a guide to the primary sources of funding
for which NFM projects may be eligible. The main
source of funding for NFM projects to date is public
funding, including both the UK and European
governments.
Support may also be available from private sources
such as water companies, developers or landowners,
where they can see benefits from investing in flood
alleviation or environmental improvements. Offset
schemes which a a d
edits fo carbon
sequestration or improving biodiversity are another
source, although they have not been well developed
for funding NFM schemes to date in the UK.

How to access funds
Contact details and links to application guidance can
be found in Table 2. Some funds have formal
application procedures, with deadlines at certain

times of the year. Importantly, the application
process may take several months, such as Grant in
Aid and EU LIFE. This important period should,
therefore, be incorporated into the project schedule.
In some cases, submitting applications may only be
possible at later stages in the project (e.g. Step 5 –
Design) where detailed specifications and budgets
are required. Therefore, it is important to start the
process early and plan ahead.
Other funds do not invite applications and are
distributed regularly by official bodies according to
local priorities (e.g. Regional Flood and Coastal
Committees, Community Infrastructure Levy).
Others may choose to invest in NFM projects on a
more ad hoc basis where opportunities arise, such as
water companies, private investors or nongovernmental organisations (NGOs). These are most
likely to emerge where the benefits of NFM are
communicated to stakeholders, underlining the
importance of partnership working.

Support for landowners
Since NFM measures can require changes in rural
land use, it may be necessary to support landowners
or land managers to cover the costs of such changes.
For instance, where creating storage ponds or
planting trees results in the loss of agricultural
production.
The method for calculating appropriate levels of
payment and mechanism for providing payments to
land managers will vary for each project. Additional
in-depth discussion on the methods and guidance for
negotiating agreements are discussed i SEPA s
Natural Flood Management Handbook (Chapter 8.1)
which can be applied to England and elsewhere.
Mechanisms for supporting landowners involved in
NFM projects are currently experiencing significant
developments. Some of the most significant
incentives to long-term support for participating
landowners can currently be found through Natural
England schemes (see Table 2).
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Additional Guidance
Detailed guidance on funding sources is available
from the sources in Table 2 and documents below:
Defra
Partnership funding and collaborative delivery of
local flood risk management: a practical resource
for LLFAs. Weblink (search: FD2643)
Local Government Association
Paying for Flood and Coastal Erosion Risk website:
Weblink
Natural Water Retention Measures project
(2014)
Report on EU funding sources (How can NWRM be
financed? Synthesis document n°11) available at:
Weblink
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Table 2. Potential funding sources for natural flood management projects in England

ELIGIBILITY

TYPES OF PROJECTS

APPLICATION
PROCEDURE

Public – UK Government
Grant in Aid (GiA) (Defra)
Risk
management
authorities
Projects must
cost £5,000+

• Funds all flood risk management, both traditional and • Environment Agency provides
NFM approaches
guidance and contacts for
regional offices: Weblink
• Project implementation, strategies, and studies to
investigate potential NFM options
• See also CIWEM s Breaking the
Bank? report (p17-21):
• Funding based primarily on public benefits (e.g. number
Weblink
of households protected) as well as habitats improved/
created
• May fund all or part of costs with the remainder needing
to e aised th ough pa t e ship fu di g ; use the
Partnership Funding Calculator to determine how much
funding a project is eligible to apply for.

Local Levy (Regional Flood and Coastal Committees, RFCCs)
Projects are
selected by
Committee
Only projects
not funded by
GiA

• Funds all flood risk management, both traditional and • Funds are allocated by RFCCs;
natural approaches
no formal application
programme
• Funds are raised by a levy on local authorities
• Committee members are appointed from Lead Local • Contact details for each RFCC
can be found at: Weblink
Flood Authorities and the EA to plan and invest in flood
and coastal erosion risk management; committees meet
quarterly.

Community Infrastructure Levy (Department for Communities and Local Government)
Projects are
selected by
local
authorities

• Levy charged by local authorities on new developments
• Funds are allocated by local
authorities; no formal
• Can be spent on a range of infrastructure including
application programme.
transport, flood defences, schools, hospitals, recreation
and open spaces
• Visit: Weblink
• High demand for funds; local funding priorities will vary

Countryside Stewardship (Natural England)
Farmers and
land managers

• Encourages land managers to deliver environmental • Annual window for
benefits through activities including flood risk
applications
manangement, conservation and woodland creation
• Guidance available from the
• The following elements of CS may be relevant to NFM:
Natural England website
Higher and Mid-Tier grants, Woodland Support, Capital • Regional statements of
Grants and Facilitation Fund
priorities: Weblink
• Grant finder tool for selecting eligible projects including
NFM measures and feasiblity studies: Weblink
• Highly competitive; favours projects addressing local
priorities and delivering mutliple objectives.

Heritage Lottery Fund
Public sector,
private sector,
voluntary
sector

• Fund a range of La d a d Natu al He itage s he es • Visit: Weblink
hi h reconnect people with nature and the benefits it • Offer informal pre-application
brings to our lives, health and wellbeing
advice via email or online
• Can support habitat restoration and conservation,
forums
surveys including citizen science , environmental • Some programmes have
education and regenerating public spaces
deadlines, typically several
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• Grants of £3,000 for community schemes to £3 million for
La ds ape Pa t e ships working with communities and
landoweners.

months prior to decisions:
Weblink

Big Lottery Fund
Public sector
and voluntary
sector (varies
according to
grant scheme)

Some schemes may support natural flood management • Guidance is available from:
projects where they can demonstrate additional benefits,
Weblink
for instance:
• Awards for All: £300-£10,000 grants for community
projects aiming to improve life for local people and
neighbourhoods
• Parks for People: regenerating historic parks to increase
visitor and volunteer numbers, heritage value, improved
skills and knowledge, management and maintenance, as
well as wider benefits (grants of £100,000-£5 million).

Public – European Union

Rural Development Programme (CAP – Pillar 2)
Varies

Includes funding relevant to WFD targets. NFM projects • UK Government advice:
could be eligible under the following Articles:
Weblink
• Article 17. Investments in physical assets
• EU Natural Water Retention
• Article 18. Restoring agricultural production damaged by
Measures project (summarises
natural disasters, and introduction of appropriate
Articles listed above)
prevention actions
• European Commission
• Article 22. Afforestation and woodland creation
(detailed technical paper on
opportunities for water
• Article 23. Agro-forestry system
projects in the RDP).
• Article 28. Agri-environment-climate
• Article 30. Natura 2000 and WFD payments.

LIFE (2014-2020)
Public sector,
private sector,
voluntary
sector
Preference for
large projects,
typically
€
,
+

• Supports projects that help implement EU policy and • Annual call for proposals with
legislation including water quality, biodiversity, flooding,
September deadline; lengthy
nature and climate change.
application process
• Can fund demonstration/ pilot projects
• Guidance available from the
Joint Nature Conservation
• Projects cannot be co-financed by certain other EU funds
Committee
e.g. Horizon 2020, Structural and Cohesion Funds (see
Orientation Document [PDF] for further guidance).

European Regional Development Fund (ERDF)
• One of the Cohesion Policy funding streams, the ERDF • UK Government website lists
may offer support under two of its Thematic Objectives:
call for proposals in England
5) Promoting climate change adaptation, risk
and guidance and eligibility
prevention and management
documents
6) Preserving and protecting the environment and • Cohesion Policy website
Typically
promoting resource efficiency
(overview of ERDF and other
allocates
at • Requires match funding (amount varies)
funds).
least £500,000 • Since these objectives apply to the new ERDF for 2014per project
2020, it is not known whether NFM projects have been
supported to date.
Public sector,
private sector,
voluntary
sector
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Private sector and NGOs
Will vary

Private investment
• Voluntary investment by local beneficiaries of flood risk Funding available on an ad hoc
basis.
management or environmental improvements
• May include landowners, businesses, developers,
landlords etc.

Water companies
Will vary

Investment in flood risk management may be driven by a Contact water companies directly;
range of factors, including:
no
formal
application
programme.
• Protecting assets and customers from flooding
• Meeting targets for water quality or biodiversity (e.g.
WFD) through funding river restoration works.
• Mitigation works to off-set/ compensate potential
detrimental impacts associated with required works
elsewhere.

Non-governmental organisations (NGOs)
Will vary

• NGOs, trusts or community groups may support schemes • No
formal
application
where they deliver benefits like habitat improvements,
programme
recreation or public education
• List of local Rivers Trusts:
• For instance, Rivers Trusts fund river restoration which
Weblink
could be integrated into NFM projects.

The Community Fund
Better suited
to smaller,
communityled schemes

• An online crowdfunding platform to raise donations from Visit: Weblink
individuals and organisations for environmental projects,
including flood risk and river restoration
• Can also be used to recruit volunteers and raise
awareness
• Preference for smaller projects; likely to raise relatively
small sums.

Biodiversity and carbon offset schemes
Will vary

• Voluntary schemes which provide credits for greenhouse
gas reduction or improved biodiversity generated by
environmental projects
• Offset schemes have yet to be developed as a funding
source for NFM projects.

Contact schemes directly. For
example:
UK Woodland Carbon Code: a
voluntary standard for carbon
sequestration from UK woodland
creation. Must demonstrate
afforestation would not
otherwise take place without
funding.
Verified Carbon Standard (VCS)

Sources: Defra (2012) Partnership funding and collaborative delivery of local flood risk management: a practical resource for LLFAs;
Forbes, H et al, (2015) Natural Flood Management Handbook. Stirling, Scottish Environment Protection Agency; and NWRM
(2014) How can NWRM be financed? Synthesis document n°11. Brussels, European Union.
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Step 3. Data collation
To plan and implement successful NFM measures, it
is necessary to understand how the catchment
currently behaves and how this might change due to
NFM measures; existing data will be important in
determining this in a cost-effective way. Community
partners should be fully involved throughout the
data collation process and, potentially, taking a lead
role.

This chapter describes the data needed and how to
access it, although specific requirements will vary for
each project. Figure 5 outlines the key steps
involved, illustrating that data collation can continue
throughout the project, including the completion of
designs (Step 5) and post-implementation
monitoring (Step 7). The data collation process
typically falls into two phases:

Figure 5. The data colation process
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Phase I. Understanding your catchment.
Background data on the physical characteristics of
the catchment and flood risk drivers, as well as
opportunity mapping to identify suitable sites.
Phase II. Informing decision-making. Collection of
more detailed data, including field surveys and
computer modelling, to inform the selection, design
and monitoring of NFM measures.
Box 3. Which data do I need?
A wide range of data and tools are available for
understanding and mapping catchment processes.
The efo e, the E i o e t Age
s Catchment
Process Modelling project has produced a guide
for selecting suitable methods to understand your
catchment and evaluate which NFM measures are
most appropriate for your project. It reviews
methods of assessing the following processes:
• Runoff generation and hydrology
• Sediment processes
• In-channel barriers
• River-floodplain barriers
• Diffuse pollution
It presents a 3-step process for choosing tools:
1. An MS Excel tool library for selecting data,
maps and models based upon level of detail,
catchment processes and costs
2. Review descriptions of each tool
3. Use case studies to understand how the
tools have been applied in NFM projects.
How to model and map catchment processes when
flood risk management planning (2016) is available
at: Weblink

Phase I. Understanding your catchment
A) Broad-scale opportunity mapping
Where the specific site for an NFM scheme is not
known in advance (e.g. where the project is not
driven by a statutory Local FRM Strategy),
opportunity mapping can assist in targeting areas
where NFM may be most effective. It is important to
highlight that, where feasible, NFM opportunity
areas should be identified within a catchment-scale
assessment.

Identifying optimum sites should involve a
combination of local knowledge, walk-over
assessments and digital mapping:
1. Utilising local knowledge. Where possible, the
preferred approach should be to encourage the local
community and stakeholders to take a leading role in
opportunity mapping, for instance, by conducting
site visits. This can both gain local knowledge and
increase stakeholder engagement from the outset of
the project. Site visits and local knowledge also help
to g ou d-t uth digital data
la if i g a o alies,
and vice versa.
2. Digital mapping. As well as clarifying anomalies in
local knowledge, Geographic Information System
(GIS) software can be used to create digital maps
identifying potentially suitable sites for NFM. This
can be useful in larger catchments where visiting
sites to assess suitability is likely to be timeconsuming/ costly; more detailed assessments will
subsequently be required for individual sites. The
production of digital maps requires analysis of spatial
data (e.g. land use and management, terrain,
channel network, soil type, rainfall, infrastructure,
designated areas, habitat types) and therefore
requires expertise in using GIS software, which may
be available from local authorities or private
consultancies.
In addition to bespoke GIS mapping, a number of
tools for identifying potential NFM sites are currently
available, or in development (see Table 3).
B) Catchment desktop study
An initial desktop study should be conducted to
characterise the physical and human factors
contributing to flood risk, as well as identifying areas
most at risk. This will form the basis of identifying
how greatest cumulative benefit from NFM
measures can be realised.
This primarily consists of GIS and hydrological
analysis, as well as reviewing existing publications. A
range of GIS datasets are available with open and
commercial licenses (see Additional Guidance).
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Non-digital information, such as flood risk plans and
strategies, can provide useful contextual information
(see Box 4). Key constraints on NFM projects can also
be identified at this stage, which may include land
use and ownership, infrastructure (e.g. utilities,
roads, railways) and river modifications (e.g. weirs,
flood defences). Site visits are recommended at this

stage; walkover surveys can complement desktop
research for assessing general site characteristics by
ground-truthing GIS data, including land use/
management assets and site constraints.
Information on the geomorphology and biodiversity
will also be pivotal, including the extent of
modification of natural habitats and processes.

Table 3. Tools for identifying potential sites for natural flood management measures

TITLE

AVAILABILITY

Mapping Toolbox for England
A tool to help identify sites within river catchments in England where NFM Due for completion in 2017.
measures could reduce flood risk. It is being designed so that it can be used by Contact: Email
the Environment Agency and its partners to be interpreted and built on locally. Publisher Environment Agency
Woodlands for Water: opportunity mapping for trees and floods in England and Wales
Maps to help identify sites where planting woodlands could reduce flood risk Reports and maps are available
and improve water quality in England and Wales. In addition to national-scale free at: Weblink
mapping, further maps have been produced for selected regions (Yorkshire, the Spatial data can be requested
North East, the Midlands) and catchments (Lake District, Derwent Catchment), from: Weblink
Publisher Forest Research
see Figure 6.
Opportunity areas for natural flood management in Scotland
These maps identify areas in Scotland where natural flood management may The maps can be viewed free
be able to contribute to runoff reduction, floodplain storage and sediment online at: Weblink
management. They are at the catchment scale and may inform initial project Publisher Scottish Environment
planning, requiring subsequent finer-scale analysis.
Protection Agency
Wetland Vision maps
Series of maps indicating where wetlands could be restored or created to The maps can be viewed free
deliver multiple benefits, including flood risk management,
online at: Weblink
Publisher Wetland Vision
Partnership
LUCI (Land Use and Capability Indicator)
A GIS-based tool to visualise the impact of rural land management on a range Requires a licence; Visit: Weblink
of ecosystems services, including flood mitigation, agricultural production, Publisher Developed by the
erosion and sediment dynamics, carbon sequestration and habitat provision. Centre
for
Ecology
and
By visualising evidence, it can help engagement with land managers and other Hydrology and the University of
Wellington.50
stakeholders and can be used for appraising NFM measures (Step 4).
Most Probable Overland Flow Pathway tool
GIS-based tool for estimating overland flow pathways using open source In development. Contact the EA
topography (LiDAR) and commercial photogrammetric data. Can be used to Geomatics Group: Email
identify potential sites for runoff attenuation features, such as bunds or flow Publisher Environment Agency
retention ponds. Uses a similar methodology to the unreleased FARM PLOT Geomatics Group
(Pond LOcation Tool) developed by Newcastle University (Figure 7)
ArcGIS Sweet application
Application for use in ArcGIS software which simplifies working with spatial Licensed software, currently in
data to visualise proposed land use changes. For instance, it can be used to development; bespoke may be
visualise the impacts of potential land use changes (e.g. crop type, flood storage version available for some users.
areas, woodland creation) on projected farm income, as well as multiple Visit: Weblink
benefits (e.g. biodiversity); or flag constraints on land use (e.g. planning Publisher ESRI
est i tio s, desig ated a eas . It ope ates
uildi g ules to i te ogate
spatial data when selecting given sites.
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Phase II. Informing decision-making
To understand how proposed NFM measures may
influence flood risk, additional data may be required
to inform Step 4 (Selecting NFM Measures) and Step
5 (Design).

monitoring is planned (Step 7). Field data should be
collected and analysed by experienced specialists
(e.g. from academia and/or consultancies) and can
include:
•

C) Field data collection
Field surveys can be undertaken to provide more
detailed data, where necessary. As well as
augmenting the data gathered under the initial data
collation (particularly this identified meaningful
Box 4. Reports and strategies for informing flood
risk management projects
Local Flood Risk Management Strategies assess flood
risk at the local level (e.g. county, borough), set
management objectives and propose measures
including costs. Available from Lead Local Flood Risk
Authorities.
Catchment Flood Management Plans provide a broad
overview of the current and future flood risk, including
the number of properties at risk, key local partners and
proposed actions. Published in 2009 and covering a
broad catchment-scale, they represent a starting point
prior to gathering more detailed site-specific
information. Weblink
Flood Risk Management Plans (FRMPs) explain the
risk of flooding in River Basin Districts from main rivers,
the sea and reservoirs and how it will be managed for
the 2015-2021 period. Produced by the EA in
partnership with risk management authorities and
Lead Local Flood Risk Authorities. Weblink
River Basin Management Plans (RBMPs) review the
status of water bodies in River Basin Districts in relation
to the EU WFD and propose actions to meet targets.
Weblink
Catchment Data Explorer contains a searchable map
with catchment summaries and data relating to WFD
status for each River Basin District. Weblink
Consultancy reports can contain relevant information
and baseline data, including fluvial audits, hydrological
monitoring and modelling. May be held by risk
management authorities, the Environment Agency, or
consultancies.

gaps), informing decision-making for design (Step 5),
field observations should be undertaken to provide
baseline
data
where
post-implementation

•

•

•

•

Fluvial
audits
assess
geomorphological
dynamics, including the causes of observed
pattern of sediment erosion/ deposition, as well
as the character of the riparian zone and
floodplain; can assist in identifying suitable sites
for NFM measures e.g. embankment breaching/
lowering/ set-back/ removal, woody material
dams or re-meandering.
Topographic surveys provide finer resolution
data on landforms than compared to remotesensed data. For instance, channel and floodplain
topography/ bathymetry to inform NFM/ river
restoration design.
Sediment surveys of the spatial distribution of
channel substrate characteristics, identifying the
relationship between impacted natural sediment
regimes and flood risk/ NFM opportunities in a
specific catchment. Can also help to identify
sediment management issues, for instance,
where land management has increased the
likelihood of erosion, thus increasing sediment
loads in rivers and the pressure to dredge.
Flow gauging to collect measurements of river
flow rates and stage (water levels); can be used
to calibrate hydrological models as well as
provide useful data for long-term monitoring.
Water quality and ecology surveys to provide an
objective assessment of baseline conditions,
where these have been identified as multiple
benefits (e.g. to meet WFD targets) and supports
the implementation of successful monitoring
programmes.

D) Analysis of existing models
Computer models (hydraulic and hydrologic) are
widely used to simulate the impacts of flooding
across catchments as well as the projected effects of
river engineering and land use changes on flood risk.
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Two types of models, often used together, are
typically employed:
•

•

Hydrological models estimate the volumetric
rate of water travelling through a river
catchment, based on rainfall, frequency of runoff
and land use. Outputs are typically a flood
hydrograph (i.e. discharge vs time); NFM
measures typically aim to adjust the shape of the
hydrograph by attenuation (i.e. lower peak,
longer duration) and desynchronising flood
peaks (i.e. in locations where water bodies
confluence).
Hydraulic models simulate the flow of water
through a river channel and across floodplains.
Can be 1-dimensional (1D), 2D or composite
1D/2D (1D channel, 2D floodplain). Outputs
include flood extent maps, water levels/depths
and flow velocities.

Models simulating sediment transport and water
quality are also available, although they are less
commonly used in flood risk management.
Whilst models can provide useful information on the
baseline conditions (as in the case of large scale flood
models maintained by the Environment Agency) and
determining the potential flood alleviation benefits
of NFM measures, their findings should be
understood in the context of their uncertainties and
limitations. Therefore, modelling studies should be
carried out by professionals with relevant expertise
and are typically undertaken by consultants. You can
find out more about modelling methods and
software in Additional Guidance.

•

•

•

Test the potential effectiveness of a range of
NFM measures. It should, however, be noted
that the most significant contribution of NFM
measures to flood alleviation come from the
cumulative
effects
associated
with
implementation throughout a catchment.
Demonstrate how measures operate to promote
community involvement or gain support from
stakeholders (Process A).
Identify issues, solutions to which can be
incorporated into the final design (Step 5).

These schemes require a long term, ongoing process
of implementation and monitoring which rely on
involvement of project stakeholders, including the
local community, from the outset. Resources will
also be needed to collect and analyse data, as well as
for design and implementation. Funding may be
available to support demonstration projects (see
Step 2).
For instance, an offline pond was constructed at
Belford, Northumberland (Case Study 2 ) to
demonstrate how flood water can be diverted and
stored on farmland. Data collected in the pilot
project indicated that the feature increased the
average delay in peak river flow between a nearby
gauging station and a station 1 km downstream from
20 minutes pre-construction to 35 minutes postconstruction.51

E) Pilots and demonstration sites
In some cases, once a type of NFM measure has been
selected (Step 4), it may be appropriate to conduct
an initial trial through a pilot scheme or
demonstration site (where NFM measures can be
demonstrated practically within a localised area of
the catchment).
These can be used to:
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Additional Guidance
How to model and map catchment processes when flood risk management planning (2016)
Comprehensive guide for selecting methods for understanding your catchment and appraising NFM
measures. Includes PDF report, MS Excel tool li a a d ase studies sho i g ho data is used i
practice.
Source Environment Agency: Weblink
Spatial Data Catalogue
Online library of free spatial data which can be analysed with GIS software. Includes flood maps, LIDAR
data and designated areas.
Source UK Government: Weblink
Ordnance Survey
Extensive source of digital maps for use in GIS software, including both free products (OS OpenData™
and commercial licenses.
Source Weblink
Natural Flood Management Handbook (2016)
Chapter 5 reviews, in detail, the methods and software available for assessing NFM schemes, including
hydrological and hydraulic modelling, as well as opportunity mapping.
Source Scottish Environment Protection Agency
Weblink
Fluvial Design Guide (2010)
Covers methods for recording and modelling river flows (Chapter 2); the science and practice of fluvial
geomorphology including detailed descriptions of survey methods (Chapter 3.4); and a detailed
overview of hydraulic modelling of rivers and floodplains, including concepts, datasets and software
packages (Chapter 7).
Source Environment Agency: Weblink
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Figure 6. Opportunity map identifying priority areas for woodland creation to reduce flooding in the Derwent
Catchment, Cumbria. Source: Broadmeadow S and Nisbet T (2010) Opportunity mapping for woodland to
reduced flooding in the River Derwent Cumbria. Forest Research.

Figure 7. Illustration of the Farm Pond LOcation Tool (PLOT) with red indicating areas most suited for
flood water storage. Source: Quinn P et al., (2010) The potential to store flood flow in the rural landscape
upstream of Brunton Bridge on the River Ouseburn. A Feasibility Study. Newcastle University.
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Step 4. Selecting NFM measures
One challenge of planning NFM projects is that
practitioners are faced with a wide range of
measures to potentially choose from. This section
therefore outlines a three-step process to assist with
selecting NFM measures (Figure 8), in accordance
ith the app oa h p oposed i SEPA s NFM
Handbook, 2015), including a summary of freelyavailable tools for evaluating the suitability of
different techniques.
The choice of measures should be tailored to your
local circumstances, considering factors including:
•
•
•

Project objectives
Potential for alleviating flood risk
Ability to deliver multiple benefits

•
•
•
•

Cost of design and construction vs likely funding
availability
Site constraints e.g. infrastructure, utilities, land
management and ownership
Supporting evidence-base available at time of
project
Risks and potential negative impacts.

Consulting with stakeholders should be undertaken
at an early stage since they may be able to share
expertise regarding the type of measures that would
be most suitable or make connections with suitable
partners (for instance, Environment Agency
biodiversity officers, Catchment Partnerships or
environmental NGOs; see Figure 17).

Modelling and
Field surveys

Figure 8. Key steps for selecting natural flood management measures
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A) Longlisting measures
The first step in selecting suitable measures is to
draw up an initial exhaustive lo g list of potential
measures. A comprehensive list of natural flood
management (NFM) techniques can be found in
Table 4.
The long-listing process is likely to be informed by
the catchment desktop study (see Step 3, Data
Collation), as well as case studies demonstrating best
practice for implementing NFM methods in various
circumstances/ environments. Appraisal tools may
also be used at this stage and for shortlisting
measures (see Box 5).

B) Shortlisting measures
Once a long list of measures has been drawn up using
inputs from Steps 1-3, this should be refined based
on detailed assessments of the relative advantages
and disadvantages of each. The aim of the appraisal
process will be to provide a qualitative assessment of
the potential benefits, disadvantages, costs and risks
associated with each NFM option.
This may require additional data collation to
evaluate the impacts of specific measures. For
instance, to assess whether certain measures may
deliver desired reductions in flood risk or to identify
areas within the catchments where they may have
the greatest impact52.

C) Options appraisal report
Once a shortlist of techniques has been selected, this
can be developed into a suite of measures prior to
the preparation of detailed designs (Step 5). Since
there is no single design solution for any given site, a
number of scenarios should be developed; measures
can be prioritised to include a preferred option in
addition to alternative scenarios.
These may include implementing a range of different
techniques to realise cumulative benefit from a
network of measures. For instance, research on
techniques which store and slow runoff in Belford,
Northumberland indicated that no single type of

measure had a dominant effect (see Case Study 2 )53.
Thirty-five features were installed across the 6 km2
catchment, including four main techniques (bunds to
intercept overland flow, online ditch barriers, offline
ponds, large woody material structures). Whilst the
storage capacity of individual features was relatively
small, in combination they have significant potential
for this (i.e. 9,000-10,000 m3).
The merits and drawbacks of each scenario should
be evaluated in relation to both flood risk alleviation
and additional/ secondary benefits, drawing on
multiple datasets to characterise the range of
potential opportunities and constraints associated
with the implementation of each NFM measure.
Illustrating the various scenarios with annotated
maps and schematic diagrams of proposed measures
can also be a useful tool for discussions with
stakeholders, such as farmers and land managers.
Once NFM measures have been appraised, a report
o p isi g of i fo atio sheets should be
produced that outlines the preferred and alternative
options54, including:
•
•

•

Advantages and disadvantages of each measure
Specifications of the location and extent of
proposed measures, including diagrams or
annotated maps (Figure 9)
Estimated costs for each measure.

Appraisal Tools
Appraisal tools can be useful for evaluating potential
NFM measures according to your project objectives
and catchment. Table 5 describes the key resources
currently available, including reports, online guides
and case studies.
Some include decision-making tools which can assist
with refining long or short lists of potential NFM
methods according to your project objectives. For
instance, the EU Natural Water Retention Measures
has published a series of Benefit Tables which rate
different NFM measures (river restoration,
agricultural, forestry, urban) in terms of the
ecosystem services they deliver (e.g. flood risk

30

31

reduction, biodiversity, recreation) and their
biophysical impacts (e.g. slowing runoff, increasing
infiltration, controlling sediments) (see Figure 10).
Other tools are more descriptive, discussing
individual measures in more detail, including how
they operate, environmental considerations and
potential consents and permits. For instance, the
Runoff Attenuation Features guide, the Manual of
River Restoration Techniques and the Rural
Sustainable Drainage Systems (RSuDS) guide.

To reduce uncertainty, it is advisable to draw on a
range of resources throughout the process of
selecting and prioritisation NFM measures, rather
than relying on a single tool. For instance, using
design guides in combination with case studies
demonstrating how specific measures have operated
in particular environments, as well as modelling and
other catchment data.

Table 4. Measures for natural flood management in rural areas

TYPE OF MEASURE

RUNOFF
REDUCTION
Land management
Soil and agricultural practices (e.g. cropping, tillage, livestock
✓
density, field corner bunds)
Offline flow storage (e.g. structures to temporarily divert and
store runoff)
Drainage modification (e.g. mire/peat habitat restoration,
upland grip blocking, cessation/ change to heather burning
regimes)
Sediment traps
Riparian afforestation (e.g. buffer zones along rivers)
Floodplain afforestation
Catchment afforestation (e.g. targeted at flow pathways)

✓

SEDIMENT
MANAGEMENT
✓

✓

✓

✓
✓
✓
River and floodplain restoration*

Instream structures (e.g. large woody structures, flow
deflectors)
Online flow storage (e.g. lakes, ponds and backwaters on the
course of the river)
Offline flow storage (e.g. wetland creation, scrapes)
Morphological reconstruction (e.g. re-meandering, re-profiling
channel corridor, berm installation, channel narrowing, multistage channels)
Floodplain reconnection (e.g. river bank and floodplain
restoration, riparian fencing, removal of artificial bank material,
setting back flood banks)

FLOODPLAIN
STORAGE

✓
✓

✓
✓

✓




✓
✓

✓

✓

✓

✓

✓

✓

✓

✓

* Lists key restoration techniques which may assist flood risk management only.
Sources: Natural Water Retention Measures (2014) How can NWRM be financed? Synthesis document n°1; RRC (2013) Manual of
River Restoration Techniques, SEPA (2016) Natural Flood Management Handbook; Welton P and Quinn P (2011) Runoff Attenuation
Features: A guide for those working in catchment management.
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Figure 9. Schematic of options for modelling and measure implementation
Table 5. Resources to inform the selection and design of natural flood management measures

TITLE

SELECTING
MEASURES

Natural Water Retention Measures: Catalogue and Benefit Tables
Online catalogue of 53 river, land, woodland and urban flood management
techniques, including detailed PDFs and 100+ case studies. Series of
Be efit Ta les a e used to ate NFM easu es i te s of pote tial
ecosystem services (e.g. flood risk, biodiversity, climate change
adaptation, recreation), biophysical impacts (e.g. managing runoff and
sediments) and EU policy objectives.
Source EU Natural Water Retention Measures (NWRM) project. Free
online access: Catalogue and Benefit Tables
Manual of River Restoration Techniques
Online resource for promoting best practice in river and floodplain
restoration. Includes 64 case studies with detailed descriptions of how
various techniques have been designed and implemented, plus their
subsequent performance.
Source River Restoration Centre. Free download: Weblink
River Restoration Centre: technical advice
Offers bespoke advice on river restoration design, scoping,
implementation, monitoring and training.
Some services are free to small community groups and trusts: Weblink
Fluvial Design Guide
Comprehensive guidance for designing interventions across the entire
fluvial system (river channel, floodplain and catchment). Covers the
construction, maintenance and alteration of flood defence and drainage
assets, e o passi g oth t aditio al ha d flood defe es a d soft

✓

DESIGN

Covers:
• River/ floodplain restoration
• Land management
• Runoff control features

✓
Covers:
• River/ floodplain restoration

✓

✓

Covers:
• River/ floodplain restoration
✓
Covers:
• River/ floodplain restoration
• Runoff control features
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engineering, including river restoration, flood storage areas and
washlands.
Source Environment Agency. Free download: Weblink
Channel Management Handbook
High-level guidance document outlining good river channel management
practices primarily to achieve flood risk and land drainage benefits.
Contains a 'Selection Matrix' spreadsheet which can assist in longlisting
management interventions based on channel type and project aim; also
i ludes ha d e gi ee i g easu es hi h are not suitable for natural
flood management schemes.
Source Environment Agency. Free download: Weblink
Rural Sustainable Drainage Systems (RSuDS) guide
Concise descriptions of 25 measures for controlling runoff by creating
physical structures which mimic natural processes, including costs,
performance, design guidelines and funding sources. Includes a table
rating individual RSuDS methods in terms of delivering multiple benefits
for controlling flow, water quality, biodiversity and amenity.
Source Environment Agency. Free download: Weblink
Runoff Attenuation Features. A guide for those working in catchment
management
Details the operation, benefits, environmental considerations and
consents for five measures for controlling runoff (offline flow storage,
online flow storage, intercepting flow pathways, woody material and
riparian management). Based on research at the Belford Catchment,
Northumberland.
Source Newcastle University, Environment Agency
Availability Free download: Weblink
Healthy Catchments website
Thorough description of 25 river and land management measures with
case studies demonstrating how they can be implemented. This resource
is primarily aimed at achieving EU WFD targets, with flood risk
management as a secondary aim.
Source RESTORE Partnership. Free online access:
Weblink

✓
Covers:
• River/ floodplain restoration

✓

✓

Covers:
• Runoff control features

✓

✓

Covers:
• Runoff control features

✓
Covers:
• River/ floodplain restoration
• Land management
• Runoff control features
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Figure 10. Be efit Ta le illustrati g the e osyste ser i es hi h a e deli ered by river and floodplain
restoration. Source: Natural Water Retention Measures project (2015) Weblink

34

35

Step 5. Design
Overview
Following the selection of preferred natural flood
management measures (Step 4), the detailed design
of measures is undertaken. Since NFM projects
typically involve implementing a number of features,
design should be integrated across the catchment
and consider the potential interaction between
individual NFM measures.
It is common for Step 5 to be delivered by
consultants or agency engineers, especially in larger
projects or where they involve the construction of
features for water storage or adjustments to river
morphology which require detailed designs.
Environment Agency biodiversity officers and
geomorphologists can also advise on how to deliver
sustainable and ecologically functioning designs.
The design of the NFM measures selected in Step 4
should be undertaken in consort with the results of
the desk and field-based data collation as described
in Step 3, as well as feedback from stakeholders. In
addition, a number of the reports and online tools

included in Table 5 can also help to inform the design
of NFM measures.
Importantly, the design of NFM measures is
frequently an iterative process, with the predicted
impacts to flood risk being used to refine proposed
designs where appropriate.
Applying for consents and permits should also be
considered at this stage so that they can be secured
in a timely manner (see Process B: Policy and
Legislation Compliance). This includes working with
Local Planning Authorities to secure planning
permission where necessary:
www.planningportal.co.uk

Modelling
In order to quantitatively assess the potential
reductions in flood risk from the range of potential
NFM measures to be implemented in a specific
project, hydrological and hydraulic models are
frequently incorporated in NFM projects. These
models can effectively support an analysis of the
effects of combinations of proposed NFM measures

Figure 11. Outputs of a two-dimensional hydrodynamic model showing flood extents under design
conditions
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across multiple spatial scales. These include full
catchment-scale assessments of hydrological
processes, as required for the assessment of runoff
reduction measures (especially those relating to
land-use/ management change), to higher resolution
hydraulic assessments such as 1D and 2D
hydrodynamic models that assess the site-specific
conditions influencing floodplain inundation/
storage and sediment management options (see
Figure 11).
To minimise the risk of measure failure postconstruction, the ideal approach is to inform designs
through examination of hydrodynamic modelling
output and implementing geomorphic and
hydrological expertise. This process involves
examining the model outputs for a specific NFM
measure design, assessing where conditions deviate
from the desired benefit to flood risk (and,
potentially, other secondary benefits, e.g. instream
habitats) and refining the surface geometry at those
locations and re-running the models.

Design outputs
Typically, this iterative process culminates with the
production of an optimal design for preferred NFM
measures, with engineering drawings and other
information produced to support construction:

•

CAD‐ ased e gi ee i g desig do u e ts fo
the final design option that will be suitable for
construction (e.g. AutoCAD Civil3D). These
documents typically include:
a. Location and general site plan at each
location proposed for implementation of
NFM measures.
b. Plan layouts of proposed measures
c. CAD drawings will present dimensions and
detail o pla a d
oss‐se tio s as
app op iate fo the p oposed desig s. High‐
resolution detail of key design features is
typically included (see Figure 12).

•

•
•

Volu es a d a eas of all ut a d fill asso iated
with the proposed measures, including any
requirements for the removal of materials offsite
A Bill of Quantities, detailing the materials to be
used
Any required removal and/or planting of trees/
shrubs/ground cover (location, species, density).
This would include the installation of large wood
structures. Following the design procedure
detailed above, applications for relevant permits
and consents should take place at this stage (see
Process B: Policy and Legislation Compliance).

Figure 12. Indicative design cross-sections for embankment reprofiling

36

37

Step 6. Implementation
Once the design of the NFM scheme has been agreed
(Step 5), further planning will be necessary to ensure
they are implemented successfully, including access
to land and the timing of works.
The successful implementation of the scheme will
partly rely on the relationships with stakeholders
developed throughout the project, since it is likely to
involve temporary access to land for construction, or
long-term land use changes, such as agricultural
practices or afforestation. Access to land should be
agreed by a contract with the landowner and, where
appropriate, tenant (see Process B).

Considerations and environmental impact

•

•

When planning construction or other works, the
following issues should be considered to minimise
potential environmental impacts:
•

Waste disposal55. Activities involving excavation
should seek to minimise environmental impacts
and ensure legislative compliance. For instance,
it may be possible to recycle materials onsite,
such as creating earth bunds or reconstructing
river morphology (Figure 13). Where material is
taken offsite, it should be characterised and
disposed of in accordance with the Landfill
Regulations 2002 (as amended) and, where

•

applicable, the Hazardous Waste Regulations
2005; any hazardous waste will need to be
treated before disposal. Soils imported onto the
site must also be tested to ensure they do not
pose risks to human health or controlled waters.
Biosecurity. Protocols should be followed to
avoid the spread of non-native invasive plant and
animal species during works; failure to do so may
result in an offence under Section 14 of the
Wildlife and Countryside Act 1981. Further
information is available from the Environment
Agency (Weblink) and the Non-Native Species
Secretariat (NNSS) (Weblink).
Conservation.
Construction
works
can
potentially cause disruption to wildlife, such as
the breeding and nesting of birds, as well as fish
and other aquatic species. Environmental Action
plans as well as appropriate mitigation measures
should be implemented to minimise potential
impacts.
Protected
sites
and
species.
Special
consideration should be given where the project
site, or nearby areas likely to be affected by
works, are home to protected wildlife species or
are designated areas (e.g. nature reserves, SSSIs,
national parks). Liaison with competent
authorities such as Natural England should be

Figure 13. View of construction activity (inset floodplain and offline wetland ponds/ swales) on East Tullos
Burn, Aberdeen City.
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•

•

sought to ensure necessary consents are
obtained (See Process B)
Other environmental impacts may include the
release of fine sediments into the river system,
temporary reduction in flows and soil
compaction, which should be avoided or
controlled.
Communication
and
management
of
contractors and partners are important for
ensuring that works are implemented according
to schedule, budget and design briefs. This can
include communication between designers and
contractors, setting appropriate expectations for
stakeholders, as well as working with land
owners and managers to minimise disruption, for
example, to agricultural activities (see below)56.
It is important that there is representation from
the project design team present at site during the
construction process.

Duration and timing of works
The time required to implement works can range
from several months to 1-2 years, depending on the
type and scale of project. For instance, adjustments
to river morphology may require longer timeframes
where they involve complex engineering, major
groundworks, installation of large wood structures
and planting of instream/ riparian vegetation.
The time of year should also be considered when
planning works,57 in particular:
•

•

•

The agricultural calendar: accounting for times
when farmers may be busier than usual, such as
spring lambing, soil preparation, seeding and
harvesting crops
Weather conditions can make construction
difficult and increase the environmental impact
of works, for instance, where the ground is
waterlogged or river levels are high during winter
or at times of heavy rainfall
Conservation: works can potentially cause
disruption to wildlife, such as breeding and
nesting birds, spawning/ incubation of fish.
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Step 7. Maintenance and monitoring

Figure 14. Process for designing and implementing a monitoring programme.
Source: Adapted from the River Restoration Centre (2011).

39

40

Following implementation, an NFM programme
should involve ongoing monitoring to evaluate their
effectiveness (specific to the project and to provide
more general feedback for other projects), as well as
management to maintain or modify the performance
of NFM features, where necessary.
Figure 14 outlines a sequence of steps to assist in
selecting the appropriate monitoring methods for a
project. It should be used in conjunction with bestpractice recommendations in the River Restoration
Ce t e s Practical River Restoration Appraisal
Guidance for Monitoring Options (PRAGMO)
report58, which contains further detail on each stage
in developing a strategy.

Monitoring and evaluation
Monitoring strategies can range from low cost
approaches, such as visual inspections, fixed-point
photography or aerial imagery to more detailed data
collection programmes. In most cases, dedicated
funds will be required to cover the costs of postimplementation monitoring, as well as the collection
of baseline data (see Step 3).
Why monitor?
The approach to monitoring will vary for each
project, but will typically be driven by the need to:
•

•
•
•

•
•

Evaluate delivery of project objectives and
effectiveness of NFM measures, including
multiple benefits
Inform adaptive management, guiding future
interventions and maintenance
Manage risk, including to the natural and built
environment
Identify any changes, both expected or
unintended, such as recovery of natural
processes
Achieve compliance for consenting regulations
and legislation
Sharing best practice and increasing the
evidence base for NFM (see Box 5).

What to monitor?
Hydrological characteristics will be of most
importance for evaluating changes to flood risk, e.g.
flood hydrograph attenuation (peak discharge and
duration), desynchronisation of flood peaks,
inundation area, water levels and rates of surface
runoff. Where multiple benefits are intended,
monitoring should also consider factors such as the
geomorphology, ecology, agricultural productivity
and water quality of the site and surrounding
catchment. Recreation and amenity value may also
be evaluated by visitor numbers or public perception
surveys.
Figure 15 and Figure 16 summarise the key survey
methods for monitoring. Descriptions of each
method can be found in the aforementioned River
Restoration Centre PRAGMO report (Appendices 510) available online: Weblink).
Box 5. Sharing best practice
Case studies and monitoring data are useful tools in
understanding how natural flood management can
work in practice. You can use the following interactive
maps to share experiences from your project, or learn
lessons from existing schemes:
Working With Natural Processes Map
Online catalogue of 130+ schemes in the UK using 56
natural flood prevention measures, including
completed and projects and feasibility studies.
Produced by the JBA Trust and Lancaster University.
Weblink
UK Project Map (RRC)
Database started in 1994 and presented in interactive
map. Includes maps and details for every river
restoration project held in the National River
Restoration Inventory (NRRI). Also includes PDFs of
river restoration case studies
Weblink
RESTORE Partnership RiverWiki
Database of 900+ river and floodplain restoration
projects from over 30 European countries.
Weblink

40

41

Designing your monitoring programme
Figure 14 outlines a sequence of steps for planning a
monitoring programme, based on the River
Resto atio Ce t e s aforementioned monitoring
guidance. These steps can assist in determining the
appropriate monitoring methods for your project
and should be used in conjunction with best-practice
guidelines in the PRAGMO report which contains
further detail on each stage in developing a
monitoring strategy.

Who to work with?
The organisations or individuals responsible for
collecting data will depend on the methods used and
funds available. Monitoring may typically be
conducted by:

Existing best-practice guidance59 recommends that
the type and level of data collected should be guided
by the:

For large-scale or higher risk projects, external
consultants or universities may be appropriate,
especially where the use of specialist methods or
technology is required. Additionally, partnering with
universities may be a cost-effective approach
through student projects or accessing research
funding. For instance, a scheme involving multiple
interventions (e.g. land use changes, river
remeandering, floodplain reconnection, runoff
attenuation features) over a larger catchment in a
high-risk area (e.g. lowlands, protected habitats,
infrastructure) should be subject to rigorous data
collection by experienced personnel.

•

•

Scale and complexity of the project, influencing
the range of environmental processes and
habitats affected
Risks and uncertainty associated with project
failure, for instance, in sensitive locations or
where new techniques are being applied.

Once the scale and risk has been defined, the
matrices in Figure 17 and Figure 18 can be used to
identify specific variables and monitoring techniques
for your project.
Since it is usually unfeasible to record all variables in
detail, the methods and level of monitoring should
be prioritised according to the importance of your
project objectives, whilst considering the available
resources. Once monitoring techniques have been
selected, the Ri e Resto atio Ce t e s Monitoring
Planner spreadsheet can also assist with organising
your strategy in detail (see Additional Guidance).

•
•
•
•

Consultants and contractors
Universities
Project partners and stakeholders
Citizen science and volunteers

Project stakeholders may also be able to contribute
esou es i ki d he e they are interested in
project outcomes, for instance, Rivers Trusts and
conservation or angling groups.
A citizen science approach may be suited to smaller,
lower risk projects, where volunteers undertake
monitoring tasks, for example, where established
NFM measures are used at a small site (e.g. wetlands
in a lowland floodplain). Established survey
techniques can be used to collect data, including
assessing river hydromorphology (e.g. River Modular
Survey), invertebrates or vegetation. Whilst
volunteers donate their time, resources will be
needed to manage and train them60. Resources
including training volunteers can be found in Box 6
below:
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Box 6. Resources for Citizen Science projects
Volunteer training resources and guidance
Guides for volunteers including training cards for
recording river levels, rainfall, water quality,
biological sampling and fixed-point photography.
Source Developed for the Haltwhistle Burn
Catchment Restoration Fund: Weblink
Citizen Science and Volunteer Monitoring Resource
Pack
Guide to monitoring methods involving volunteers,
mostly for water quality, as well as some vegetation
and aquatic species. Reviews monitoring equipment
and mobile phone applications for collecting data, as
well as case studies demonstrating how citizen
science has been applied in practice.
Source The Catchment-Based Approach: Weblink
Modular River Survey
A new field survey method enabling citizen scientists
to
assess
the
physical
habitats
and
hydromorphological functioning of river channels
and riparian zones.
Source Queen Mary University and the Environment
Agency: Weblink

Maintenance and adaptive management
By being based in the reinstatement of natural
process, NFM projects should implicitly be more
sustai a le tha t aditio al ha d-e gi ee ed flood
protection works, with a minimal need for long-term
maintenance. However, uncertainty is inherent in
working with natural processes and there should
therefore be an adaptive management approach
applied to the project, post construction. As such,
monitoring is used to inform future, small-scale
interventions to ensure a s he e s ongoing success.
Maintenance of implemented measures will increase
project costs and repeated required interventions
may indicate that the scheme is not performing
effectively (e.g. as a result of insufficient design). This
highlights the need for monitoring to inform and
refine NFM design, maximising the sustainability of
implemented measures and minimising the
requirement
for
adaptive
management/
interventions. However, even in the most successful

projects, some degree of maintenance may be
required, for instance:
•
•

•
•

Removal of sediment from ponds or bunds to
maintain storage capacity
Managing erosion and deposition in rivers, such
as de-silting of river beds, gravel extraction
where accumulation is excessive, gravel
augmentation where incision processes
dominate
Removing trash deposited during flooding
Planting or removal of aquatic riparian and
vegetation – to assess whether vegetation
management may be necessary, refer to the
Environment Agency Aquatic and Riparian Plant
Management Handbook.

Additional Guidance
Practical River Restoration Appraisal Guidance
for Monitoring Options (PRAGMO)
Comprehensive best-practice guidance for
designing a monitoring strategy, including
descriptions of data collection techniques.
Focused on river restoration schemes, but most
methods can be applied to natural flood
management projects
Source River Restoration Centre: Weblink
Monitoring Planner
Excel spreadsheet to assist with organising
monitoring strategies, including the methods
data, timing and costs needed to evaluate each
project objective.
Source River Restoration Centre: Weblink
Aquatic and Riparian Plant Management Handbook
Guidance on when and how to manage vegetation
on river banks and channels; aimed primarily at
flood risk management authorities, as well as
other bodies involved in vegetation management
(e.g. rivers trusts, landowners). Consists of a
Technical Guide for planning and implementation,
a Field Guide for collecting information, and
spreadsheet Decision-Support Tool to help select
appropriate management techniques. (Does not
cover trees or vegetation in the catchment.)
Source Environment Agency: Weblink
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Figure 15. Matrix of monitoring techniques: hydrology and geomorphology.
Based on Halcrow and Cress (2011) and the River Restoration Centre (2011).
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Figure 16. Matrix of monitoring techniques: ecology.
Based on Halcrow and Cress (2011) and the River Restoration Centre (2011).
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Process A: Working with stakeholders

Figure 17. Key stakeholders in flood risk and catchment management

This section outlines the importance of working with
stakeholders, including guidance on how to
approach stakeholder engagement throughout your
project.

•

Why work with stakeholders?

Which stakeholders should I work with?

Stakeholders are individuals or organisations with an
interest in the catchment and how it is managed.
Building effective relationships with these partners is
vital to the success of flood risk management
projects and its benefits include:

Figure 17 lists the key stakeholders for flood risk
management in a typical catchment. The appropriate
stakeholders and the approach for working with
them will vary according to your catchment and
proposed NFM measures.

•
•
•
•

Further detail on the function and expertise of
i di idual stakeholde s a
e fou d i Def a s
guidance on Partnership funding and collaborative

Gaining support for NFM schemes
Improving understanding of local flood risk
Ensuring compliance with legislation
Levering resources, including funding

•
•

Overcoming barriers, including land use conflicts
and negative perceptions of NFM
Identifying potential sites for NFM measures
Identifying and delivering multiple benefits.
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delivery of local flood risk management (chapter 3.4)
available at: Weblink (search: FD2663).
A summary of the roles and responsibilities of public
bodies involved in flood risk management is available
from the Local Government Association: Weblink
The overall approach to engagement may also vary,
from education-focused approaches using public
events and outreach, to more formal partnerships
which bring together stakeholders with clearly
defined roles in project development. For instance, a
comprehensive review of the Cumbria River
Restoration Strategy identified the importance of
establishing individual steering groups to promote
communication between partners61.

A stakeholder engagement template
Figure 18 outlines a template for planning
stakeholder engagement, including suggested
activities for each stage of the project. Building
relationships with stakeholders should begin as soon
as the NFM strategy is conceived (Step 1) and
continue throughout the project. However, the
particular actions and their timing will vary according
to the catchment, project aims, and type of
stakeholders.

Additional Guidance
If you are new to working with stakeholders or
require additional guidance, then the following
organisations can provide advice:
Catchment Based Approach (CaBA)
Facilitates collaborative working to deliver
improvements to water environments at the
catchment scale in England. Partnership
catchments work with water companies, local
and national government agencies, landowners
and farmers, NGOs, farmers, angling groups and
businesses. Visit: Weblink
Countryside Stewardship Facilitation Fund
Can provide financial support for organisations
and individuals that bring together farmers and
land managers to cooperate at a landscape
scale. Visit: Weblink
Consultants
Can offer stakeholder engagement services
including working with famers and landowners
and training courses. For instance:
Walking-the-Talk: Weblink
ADAS: Weblink
Promar International: Weblink
Dialogue Matters: Weblink
Case studies
Can demonstrate how stakeholders can work
together to deliver natural flood management
schemes, as well as challenges faced. See CASE
STUDIES section of the Toolbox.
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Figure 18. Working with stakeholders at different stages in your project
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Process B: Policy and Legislation Compliance
Identifying the policies and legislation relevant to
your project should begin at its inception (Step 1)
and may continue throughout to monitoring (Step 7)
to ensure that compliance is being achieved postimplementation.
The permits and consents which you may need to
consider to comply with legislation are listed Table 6
and will vary according to the scale and nature of the
works. Whilst this list may appear intimidating, it is
intended as a comprehensive guide and therefore
not every permit may be required for your project.

Consents and permits
Permits and consents should be secured prior to
Implementation (Step 6). Consequently, making
applications will typically occur during the Design
phase (Step 5), once the potential impact of NFM
measures has been evaluated (e.g. flood
conveyance, water storage capacity, area planned
for land use changes). However, it is worth
identifying which permits may be required earlier in
the project lifecycle since this will help to estimate
the time required for securing permits and avoid
potential delays to implementation.

Other permits may also be required to ensure that
environmental impacts comply with legislation,
including Environmental Impact Assessments, WFD
compliance assessments, Wildlife Licenses or habitat
surveys. Additional restrictions may be placed on the
type of activities permitted in areas designated for
heritage or nature conservation.

Ensuring compliance
Not all legislation requires a formal permit or
consent prior to commencing works. However, care
should be taken to comply with such legislation since
failure to do so can result in penalty. This includes
waste disposal, importing soil, and biosecurity which
are discussed in Step 6 Implementation.
Environment Agency Customer Care Centre
The Environment Agency can provide general advice
which on consents which may be required for your
project. Also see Table 6 for further information on
specific permits.
Email
Telephone: 03708 506 506 (Monday to Friday, 8am to
6pm)

Some permits relate specifically to flood risk, whilst
others are concerned with other environmental
standards (e.g. water quality or ecology). Permits
may be required where engineering is involved that
affects the flow and storage of water in rivers and
other water bodies. These include Environmental
Permits (formerly Flood Defence Consents) and
Ordinary Watercourse Consents for works planned
on river channels, floodplains, or near existing flood
defences. Flood Risk Assessments may also be
required where a scheme has the potential to
increase flood risk, for instance, by raising the
frequency and magnitude of flooding at specific sites
in order to reduce flood risk downstream.
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Table 6. Potential consents and permits for natural flood management projects
Type of permit or consent

Who to contact

Permission from landowners
Formal agreements, such as a contract, should be drawn up with Work directly with local stakeholders (see
landowners where projects involve temporary access to land for Process A).
construction of NFM measures (Step 6), long-term land use Approaches to landowner dialogue and formal
changes, or access for monitoring and maintenance (Step 7). agreements are discussed in the Evaluation of
Where land is leased, this should be considered and appropriate the Cumbrian River Restoration Strategy
agreements made between the landowner and tenant.
(Chapter 2.8), including draft agreement letters
(Appendix C). Weblink.
Environmental Permits (formerly Flood Defence Consents)
Under the Water Resources Act 1991 and associated bylaws, Advice including which activities require a permit
work can require consent from the Environment Agency if it is and a map of main rivers, can be obtained from
due to take place in the channel, floodplain, or existing flood the Environment Agency: Weblink
defences of a main river.
Ordinary Watercourse Consents or Land Drainage Consents
Under the Land Drainage Act 1991, consents may also be Consents are issued by Local Authorities:
required for work on ordinary watercourses (including streams, Weblink or Internal Drainage Boards: Weblink
ditches, drains and sluices).
General advice: Weblink
Planning Permission
Planning permission may be required where NFM measures Guidance on whether planning permission is
involve construction of structures or are part of a larger required, as well as contact details for Local
development.
Planning Authorities, are available at: Weblink
Flood Risk Assessment
These may be required as part of planning applications or The Environment Agency provides general
obtaining other consents. Will generally be carried out by guidance: Weblink
specialists, such as consultants.
Environmental Impact Assessment (EIA)
Land changes which involve restructuring features may require Applications must be made to Natural England
a consent, including an Environmental Impact Assessment. This who will advise whether works can proceed, or
includes removing or adding 4 km of field boundaries (including will require a consent or EIA. For guidance visit:
ditches or watercourses), moving 10,000 m3 of earth or rock, or Weblink
physically restructuring an area of 100+ ha. Thresholds are lower
for sensitive areas including Areas of Outstanding Natural
Beauty and National Parks: 2 km, 5,000 m3 and 50 ha,
respectively.
EU Water Framework compliance assessments
Where proposed works can potentially compromise targets set The Environment Agency can advise on whether
by the EU Water Framework Directive, a compliance assessment a WFD compliance assessment is required.
may be required. This can be a lengthy process for which Contact details can be found in the River Basin
consultants are often hired to conduct the assessments. Management Plan covering your catchment:
However, compliance assessment may not be required for many Weblink
NFM projects so eligibility should be checked.
Designated Areas
Conditions may apply on works in areas designated for heritage Contact your local council or planning authority
or nature conservation. These include: National Parks, Sites of to check what restrictions apply. Use the Magic
Special Scientific Interest (SSSI), Areas of Outstanding Natural Map to see if land is protected: Weblink
Beauty (AONB), Special Protection Areas (SPA), Special Areas of Where an environmental permit is required, the
Conservation (SAC), protected wetlands (Ramsar Sites) and Local Environment Agency screens activities to
Nature Reserves (LNR).
identify whether they fall under heritage or
General information on designated areas is available at: Weblink nature conservation sites. Visit: Weblink
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Wildlife Licenses
Licenses are typically required if works are likely to disturb or Contact Natural England for further information:
remove wildlife or damage habitats.
Weblink
Reservoirs Act 1975
Schemes which store and release significant volumes of water Further guidance is available from the
may be classed as reservoirs and may therefore have to meet Environment Agency: Weblink
statutory requirements, including the Reservoirs Act 1975.
Requirements depend on the storage capacity and the level of
risk associated.
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5. CASE STUDIES
Case Study 1 - Stroud Rural SuDS Project
Summary

Over 250 small features flood alleviation across the catchment

Description

The Stroud valleys experience frequent flooding. Following the devastating floods of 2007,
community flood groups were established and the Environment Agency subsequently
published a feasibility report on NFM for the River Frome Catchment in 2012. Acting on its
findings, Stroud District Council has implemented a range of low cost features to slow flows
and reduce flood peaks across the 235 km2 catchment. The project took an approach of
i ple e ti g lo isk solutio s i a sho t pe iod of ti e, athe tha aiti g fo pe fe t data.

Methods

Measures primarily focus on Ordinary Watercourses (i.e. small streams), using small features
to deliver a large cumulative impact. The following were constructed between 2014-2016:
• 157 ajo st u tu es 30 leaky woody material dams, 12 field bunds, 8 culverts and
soakaways, 7 erosion gulley works)
• 5
i o
oody material structures
• 1.2 km riparian fencing and 10 drinking troughs/bays
• Part-funded 50 swales and grips to divert runoff to woodland.

Outcomes

Whilst the project is relatively new, some data indicates the project may be attenuating flows.
On 9 March 2016, 35-40 mm rainfall was recorded in 12 hours, a similar amount to a flood
event in November 2012. A flow gauge in the Slad Valley recorded peak water levels of nearly
1.8 m in 2012, compared to under 0.4 m in 2016 (see hydrograph). Whilst the two events were
not directly comparable partly due to antecedent conditions, partners believe that NFM
measures are likely to have contributed to the lower river levels in 2016. The existing network
of gauging stations also provides an opportunity to compare future flows with historic data.

Multiple benefits

Biodiversity, water quality, public education, community engagement.

Cost

£220,000

Funding

£105,000 project costs (local levy, Stroud District Council), £115,000 capital works
(Environment Agency, Gloucester County Council, Stroud District Council; plus £5,000 in kind
from Gloucestershire Wildlife Trust and National Trust).

Partners

Gloucestershire County Council, Environment Agency, Severn and Wye Regional Flood and
Coastal Committee, Stroud District Council, community groups, landowners, farmers

Further
information

Weblink
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Field bund in normal conditions (top) and attenuating runoff during flooding (bottom).
Images: Stroud District Council.

52

53

Case Study 2 - Belford Proactive Flood Solutions, Northumberland
Summary
Description

Methods

Outcomes

Multiple
benefits
Cost
Funding
Partners
Further
information

Evidence-based solutions offering an alternative to costly structural flood defences
Floods caused damage and disruption to the small village of Belford on five occasions in two years,
ul i ati g ith edia epo ts i
of eside ts si k of sa d ags a d s path . Like a
rural communities, conventional flood defences were deemed unviable owing to the small number
(50-60) of properties at risk, lack of space, and high costs for structural defences; a flood storage
reservoir was therefore proposed with a £2.59 million price tag62. Therefore, a research
programme was undertaken by Newcastle University in partnership with the Environment Agency
to demonstrate how low cost NFM methods can reduce flood peaks in small catchments.
Thirty five features to store runoff and disconnect overland flow pathways were installed between
2008-2011 across the 6 km2 catchment with a combined capacity of 9-10,000 m3. They used four
main techniques: bunds to intercept overland flow, online ditch barriers, offline ponds and large
woody material.
In lieu of long-term records, results from a pilot offline pond indicate that the average delay in
peak river flow between a nearby gauging station and a station 1 km downstream increased from
20 minutes to 35 minutes post-construction63. Research has also indicated that no single type of
measure had a dominant effect on attenuating runoff64.
Biodiversity, water quality.
~£300,000
Implementation funded by Local Levy via Northumbria Regional Flood Defence Committee.
Environment Agency, Newcastle University, local authorities, landowners and farmers.
Project summary and Video
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Offline pond (top) with leaky timber barrier to store and slowly release runoff and a field
bund (bottom) intercepting overland flow. Images: Newcastle University.
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Case Study 3 - Eddleston Water, Scottish Borders
Summary

A partnership approach to catchment restoration

Description

Eddleston Water, a small (69 km2), upland tributary within the 5,000 km2 River Tweed Catchment,
has been historically modified, including extensive channel straightening and land management
changes, which have contributed to increased flood risk at the villages of Eddleston and Peebles65.
Restoration of some natural features/ processes has been undertaken to reduced flooding and
reverse habitat loss, incorporating installation of NFM measures and land management changes
(e.g. re-meandering, floodplain reconnection, leaky log-jams, upland drain blocking, offline storage
ponds, tree planting) across 17 farms from 2009-2013. Co-ordinated by the Tweed Forum, the
project has benefited from a strong partnership structure encompassing public sector agencies,
landowners, academia and voluntary groups, contributing to levering funding and monitoring. The
Tweed Forum was awarded the 2015 UK River Prize for its work in the Tweed Catchment.
Re-meandering 2.6 km of river, creation of 66 ha of riparian woodland, 89 flow restrictors (e.g.
large woody material dams), 19 leaky ponds (7,000 m2), 16 km of fencing erected.
A network of rain gauges, groundwater and river level gauges were installed to monitor how the
measures influence river flows/ flood hydrographs, in addition to biological monitoring. Hydraulic
modelling has indicated re-meandering and increasing the wetland and woodland areas may result
in smaller urban areas being inundated, as well as delaying flood peaks by up to 4 hours66. As a
secondary benefit of the works, the i e s EU WFD status has i p o ed f o
ad to ode ate
67
during the project lifetime .
Water quality, biodiversity.

Methods
Outcomes

Multiple
benefits
Cost
Funding

Partners

Further
information

~£400,000
Public (Scottish Government, Water Environment Fund, Scottish Rural Development Programme,
Scottish Borders Council), Private/Voluntary Sector (Forest Carbon, CEMEX, Woodland Trust,
Scottish Power, landowners).
Led by the Tweed Forum with the Scottish Government, Scottish Environment Protection Agency
and University of Dundee. Other partners include cbec eco-engineering UK Ltd, British Geological
Survey, Scottish Borders Council, Scottish Natural Heritage, Forestry Commission, National
Fa e s U io of S otla d, T eed Fou datio , Fo est Ca o , Woodla d T ust, la do e s a d
community groups.

Weblink

Aerial view of restored habitat and re-naturalised channel at Eddleston Water. Image: Tweed Forum.
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Case Study 4 - Haltwhistle Burn, Northumberland
Summary
Description

Harnessing citizen science to engage communities and complement traditional data sources
This 42 km2 catchment has a flashy response to rainfall and the town of Haltwhistle has
experienced recent flooding six times since 2007, including winter 2015. Diffuse agricultural
pollution including sediment runoff has also contributed to the failure to reach WFD targets for
good e ologi al status , p o pti g the i itiatio of the Halt histle Bu Cat h e t Resto atio
Fund project (2012-2015) to improve water quality and ecology. However, since these issues
are partly related to diffuse rural pollution, interventions were able to deliver multiple benefits
for both flood resilience and river health. The catchment lacked traditional monitoring systems,
so data as olle ted a et o k of Ri e Wat h olu tee s i pa allel ith e auto ated
equipment. Volunteers gathered quantitative and qualitative information including hydrology
(river levels and rainfall), water quality (nitrates and nitrites), biology (e.g. invertebrate
sampling, vegetation visual assessment) and erosion (fixed point photography)68.
Methods
Leaky ponds, 60m long leaky dam; alongside catchment-wide restoration measures.
Outcomes
Ri e Wat h olu tee s p o ided eal ti e i fo atio du i g the i te
/ floods,
including measuring the performance of NFM measures. Data was also used to build and
calibrate hydrological models and design runoff management plans. Additional monitoring was
undertaken by the Tyne Rivers Trust and Newcastle University indicating that citizen science has
the potential to complement traditional data sources, not replace them69.
Multiple benefits Water quality, biodiversity, public education, community participation.
Cost
£373,400 for the Catchment Restoration Fund project.
Funding
Defra Catchment Restoration Fund.
Partners
Tyne Rivers Trust, Environment Agency, Haltwhistle Town Council, Northumberland National
Park, Northumberland County Council, Forestry Commission, Natural England, Newcastle
U i e sit , Had ia s Wall He itage, o
u it g oups.
Further
Publications and training resources.
information

Volunteers conducting electro-fishing (left) and invertebrate sampling (right) to monitor outcomes at Haltwhistle
Burn. Images: Ceri Gibson, Tyne Rivers Trust.
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Case Study 5 - Lustrum Beck, Stockton-on-Tees
Co ple e ti g a tow s hard defences by working with natural processes
Repeated flooding in the town of Stockton-on-Tees has led to the development of a new scheme
to protect over 150 properties from water levels at Lustrum Beck. Phase 1 of the scheme
involves building hard defences (replacing flood walls, a new culvert screen, bridge
improvements) in the urban area to project against 1 in 75 year flood events, whilst Phase 2
(2015-2019) aims to deliver additional flood alleviation by working with natural processes.
Methods
Proposed methods include storage ponds in farmland, Sustainable Drainage Systems, large
woody material, as well as planting and stewardship schemes.
Outcomes
Modelling by Newcastle University has indicated that combined storage areas of 10,000 m3
across the catchment could reduce flood peaks, thus, increasing the level of protection to the
equivalent of a 1 in 100 year flood.
Multiple benefits Biodiversity.
Cost
£3 million including construction of hard defences.
Funding
Grant-in-Aid, local levy, Stockton Borough Council.
Partners
Implemented by the Environment Agency with Stockton Borough Council; will work with around
70 landowners and the Forestry Commission.
Further
Weblink (case study 13).
information
Summary
Description

Flooding in Stockton-on-Tees in 1979 (left) and 2012 (right). Images: Environment Agency.
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