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FOREWORD

We live in a time of immense environmental
challenge and opportunity. There is a pressing
need to stabilise our rapidly changing climate
within a few decades and also to halt and
reverse the precipitous decline of so much of the
natural world and its biodiversity, while at the
same improving the lives of many who live in
deprivation and poverty. Yet there is new and
real momentum in attempting to address these
challenges at levels ranging from international
and national policy through to bottom-up
actions by cities, civil society, local communities
and landowners. In the UK, as in many other
countries, the COVID lockdowns have led to
new appreciation of how important local nature
is to our individual and collective wellbeing.
The desire to “build back better” after the
COVID pandemic, together with a radical new
rethinking of land use policy and incentives, has
led to a burst of interest and creative thinking
about how the landscapes and ecosystems of
this biodiversity-depleted country can be better
managed to facilitate biodiversity recovery

and contribute towards addressing climate
change, while also providing for the welfare and
livelihoods of local communities

The concept of nature-based solutions (NbS)

to climate change encapsulates this new
opportunity and synergy between the climate
change, biodiversity and societal agendas. For
this report we employ the definition of NbS as
solutions that “work with and enhance nature

to mitigate or adapt to climate change while
simultaneously providing benefits to biodiversity
and people”. Nature can be our ally in tackling
both climate change mitigation and adaptation,
through processes such as carbon sequestration,
greenhouse gas emissions reduction, flood risk
reduction, ecologically connected landscapes and
better urban environments.

This report by the British Ecological Society
makes a valuable contribution to this agenda

by providing an authoritative review of the
potential of NbS in the UK. It examines a range
of ecosystems and land uses and also looks at
wider considerations of what it would take to
deliver nature-based solutions at sufficient scale,
including policies and potential trade-offs. It
draws on the collective expertise of around 100
contributors with a wide range of expertise,

and is a wonderful example of how the broad
ecological community of academia, research,
civil society and practice can pool its expertise
and insights to make an important contribution
to this timely and pressing issue. This report
was written based on the expertise of the

BES membership community; the authors and
reviewers are largely academics from the field of
ecology, as well as scientists and practitioners
from statutory agencies and NGOs.

When thinking of NbS, tree cover and woodland
restoration tends the get the limelight, but,
importantly, this report shows how an NbS
approach can apply to a wide variety of
ecosystems ranging from high peatlands to
grasslands, heathlands and agricultural and
urban environments, through to freshwater,
coastal and marine systems. It also highlights
that it is important not to focus on carbon
sequestration as the only goal, as this can
result in negative biodiversity outcomes such
as monoculture plantations, or tree planting on
species-rich natural grasslands or heathlands.
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The second part of the report looks at broader
issues around the implementation of nature-
based solutions in the UK, such as what policy,
governance and finance frameworks, as well-as
systemic change, are needed to deliver these
solutions at sufficient scale while also engaging
effectively with local communities and other
stakeholders. Nature-based solutions need to
deliver for societal and human wellbeing as well
for nature and climate. Given the expertise of
members of the BES, this report focuses mainly
on the biodiversity and climate change aspects,
while fully acknowledging the equally important

benefits of NbS to people’s health and wellbeing.

A big thank you to the all the contributors

for their dedication, hard work and insightful
contributions, and to the British Ecological
Society Policy Team for their convening and
production of this report, and skillful navigation
and synthesis of the many complex issues that
it covers. I truly believe it will be a landmark

in setting the agenda and scientific and policy
framework for the roll-out of nature-based
solutions in the UK, and thereby to our collective
aspiration to build a vibrant, resilient and
resurgent natural world and stable climate in
which our society and communities can thrive.

Professor Yadvinder Malhi CBE FRS
President-Elect, British Ecological Society

-

Yadvinder Malhi, Wytham Woods © Debbie Rowe
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EXECUTIVE SUMMARY

INTRODUCTION

Nature-based solutions (NbS) address societal
problems in ways that benefit both people and
nature. The main focus of this report is the

joint role of NbS for addressing the climate and
biodiversity crises we currently face. Natural
habitats act as NbS for climate if they sequester
carbon (contributing to Net Zero targets) or provide
adaptation to climate change effects (for example,
reducing flooding, protecting coastline against
sea-level rise or creating cool spaces in cities). As
well as these climate benefits, they can enhance
biodiversity, create improved and more resilient
ecosystem functioning, enhance human wellbeing

and provide economic benefits, in terms of
monetary value and job creation. Despite the huge
range of benefits NbS have, they should be seen as
complementary to other climate and conservation
actions, not as a replacement to them.

This Executive Summary provides five key themes
which emerge across the report, across the
multiple habitats and multiple NbS studied. Six
‘priority’ habitats for NbS are given at the end of
the summary. However, we emphasise that all
habitats covered in the report can act as NbS and
all can play a role in addressing the climate and
biodiversity crises.

FIVE OVERARCHING THEMES:

1. NATURE-BASED SOLUTIONS
FOR CLIMATE AND NATURE

NDbS enable nature to help resolve the problems

of climate change, both in reducing atmospheric
greenhouse gas concentration and adapting our
infrastructure. They are not a panacea for meeting
Net Zero by 2050 and cannot be seen as a substitute
for the significant emissions reductions across other
sectors that are needed to meet this goal. Some
NDbS, such as peatland restoration are valuable
because they reduce emissions. Other NbS can

help to offset emissions that cannot feasibly be
reduced by economic, behavioural or technological
change. It is essential to implement NbS at a large
scale to deliver sufficient benefit for climate change
mitigation.

NDbS can also help us to adapt to climate change,

not least in reducing flood risk and protecting
coastal communities from rising sea levels and
storm surges. Many ecosystems, including rivers,
wetlands and woodlands, are themselves vulnerable
to climate change, and action will be needed to
facilitate their adaptation if they are to provide NbS
in return.

Strategic and well-executed NbS will
simultaneously provide significant additional
public goods. This includes biodiversity benefits
that could help drive the delivery of conservation
targets and also benefit people’s health and
wellbeing. Potentially perverse biodiversity
outcomes need to be recognised and avoided,
including the loss of high-biodiversity, low-carbon
habitats (see theme 4 below).

NbS should seek to maximise outcomes for climate,
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biodiversity and people. Any intervention that

has an overall negative impact on one of climate,
biodiversity or local communities, even if beneficial
to other areas, should not be considered a NbS.

Key message: NbS can make an important
contribution to Net Zero, biodiversity and
climate change adaptation targets, so long

as they are not treated as a substitute for
widespread emission reductions or wider
nature conservation action.

2. NATURE-BASED SOLUTIONS
FOR HEALTH AND PROSPERITY

In the wake of COVID-19, NbS can be particularly
effective in stimulating ‘green’ employment in the
short term and supporting sustainable economic
growth in the medium term, forming part of a
green approach and investment to economic
recovery. Nonetheless, delivering NbS at the scale
necessary to make a significant difference will
require state investment as well as changes in the
legislative and policy architecture to encourage
private investment. Clear markets beyond
corporate social responsibility need to be identified
and developed for which the state will need to
maintain an active role. The environmental and
financial benefits of private investment also need
to be carefully monitored.

Spending time among nature can boost human
health and wellbeing, which became particularly
apparent during the recent pandemic as more
people spent time in nature, benefitting from its
restorative effects.

The human health and wellbeing benefits derived
from NDbS are of additional and widespread value to
the benefits delivered for nature and in addressing
climate change. However, given the expertise of
the majority of British Ecological Society members,
human health and wellbeing aspects of NbS have
not been evaluated in detail in this report.

Key message: NbS provide human wellbeing
and economic benefits. Routes for private

investment alongside public finance are
emerging but need further development.

3. GETTING THE RIGHT
FRAMEWORKS AND POLICIES
IN PLACE TO DELIVER NATURE-
BASED SOLUTIONS AT SCALE:
A WINDOW OF OPPORTUNITY

Each nation of the United Kingdom is currently
developing many post-European Union policies.
This creates a window of opportunity to ensure
that cornerstone policies and legislation for the
environment, society and economy enable the
delivery of effective NbS at scale. Ambitious post-
Brexit proposals, combined with long-term targets
(e.g. Net Zero for greenhouse gas emissions by
2050) can create a favourable environment for
adopting NbS and for stimulating private and
public investment.

With foundations in both nature and societal
outcomes, NDbS require a broad policy and
governance scope, and shared knowledge
resources. Multiple interests are involved in the
governance of NbS across a variety of scales and
there are challenges associated with working
across different policy areas, as well as generating
effective partnerships. We recommend a working
group or groups to assess both the opportunities,
and the existing policy and governance
frameworks, to deliver NbS.

When delivered at scale, NbS actions often have
to be coordinated across whole landscapes and
have local ‘buy-in’ for their success. Achieving
collaboration requires mechanisms that can build
the necessary social capital and help normalise
NDbS environmental management within the land/
marine management community, and in the local
community and societal beneficiaries of NbS. In
both these broad sectors, there may be a wide
range of attitudes towards biodiversity and its
management as well as to the requirements

and means of climate change adaptation and
mitigation. New and novel NbS projects require
knowledge exchange and collaborative ways of
working. With a mix of private and public interests,
state involvement in governance structures can be
vital for the effectiveness of NbS and enforcement
of regulations.
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An assessment framework is needed for NbS

that enables transparent assessments at multiple
spatial scales and can be utilised by all key
stakeholders. Agreeing clear outcomes and
benefits for nature and climate change at the
inception of NbS projects is vital to successful
monitoring and assessment. Assessment
frameworks may need to be a multi-phase process
to incorporate assessments at the range of scales
required for NbS initiatives. Successfully assessing
adaptation may be made difficult by lack of a
‘control’ situation and by difficulties in attributing
impacts to climate change. Existing assessment
frameworks, such as the Strategic Environmental
Assessment Regulations and the Environmental
Impact Assessment Regulations, should be
evaluated and adapted to ensure they are able to
assess NDbS initiatives. There is also an overarching
need to ensure that policies across different sectors
work well together across multiple interests and
deliver the multiple benefits of NbS.

With the right frameworks in place to underpin
NDbS, they can make a significant contribution to
national and international commitments. Long-
term policies, goals and government commitments
are necessary however to support long-term
investment, research and monitoring of the
functionality of NbS, as well as their delivery.

Key message: NbS opportunities and de-
livery approaches are evolving, and policy,

governance and evaluation methods need
to develop to encourage uptake and achieve
the benefits.

4. GETTING THE RIGHT NATURE-
BASED SOLUTIONS IN THE
RIGHT PLACES

Strategic spatial planning and detailed project
plans are necessary to integrate NbS with land
use and ensure both biodiversity and climate
benefits. It is also essential to address any trade-
offs and avoid perverse outcomes. This requires
the right data, diagnostic tools and the capacity
and expertise to interpret and find solutions for all
objectives and desired outcomes. This will require
an increase in present capacity, including in the

public sector, both nationally and locally, with
many local authorities lacking the resources to
employ ecological and environmental specialists.
An appropriate multi-stakeholder and multi-

level governance framework can help overcome
existing resource and skill deficits by combining
public and private sector input, but must ensure
independence of assessments from narrow sectoral
interests.

NDbS may involve the substitution of one habitat

for another, so it is vital to understand factors such
as underlying soil conditions, habitat quality and
potential biodiversity losses and gains, to ensure
positive outcomes. For instance, woodland creation
on some species poor, low productivity grasslands
may be a good NbS for climate change mitigation.
However, on a species rich grassland it could
damage biodiversity and where grassland is found
on degraded peat soils, restoration by re-wetting is
likely to have better NbS outcomes for biodiversity
and greenhouse gas reduction. Good spatial
datasets can help with targeting but, in many
cases, site specific environmental assessments

for NDbS initiatives will need to be conducted by
suitably qualified experts to ensure the appropriate
beneficial outcomes for nature that NbS require.

Effective planning for NbS at appropriate spatial
scales can also help to capitalise on the co-benefits
that can be delivered by NbS. For example,

tree planting is an effective method of carbon
sequestration and if strategically planned, tree
planting alongside rivers has the potential to
sequester carbon, reduce flood risk, stabilise

river banks and also cool water temperature for
vulnerable species. Currently planning systems

in the UK are fragmented with multiple policies
and bodies governing different sectors within a
geographic area. Existing governance structures do
not therefore lend themselves to the strategically
designed and cross sectoral approaches that
successful NbS delivery often requires.

Cities and urban areas face a multitude of
competing interests and challenges and it is
particularly important that NbS have clear co-
benefits there to attract funding and bring a
range of benefits to these environments and their
inhabitants. The recent pandemic has reminded
us of the importance of access to green space and
the wellbeing benefits of nature. This has been
particularly pronounced in urban areas and has
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also shone a light on unequal access to nature.
Implementing NbS will benefit from appropriate
socio-economic data to ensure, for instance, that
NDbS are helping to redress both environmental and
social inequalities.

A variety of landscape-level planning approaches
relevant to NbS exist or are emerging. These
include the Ecosystem Approach, Local

Plans, Local Natural Capital Plans, Catchment
Management Plans, Landscape Enterprise
Networks, the Nature Recovery Network and
Local Nature Recovery Strategies, Local Nature
Partnerships (LNPs), Farmer Clusters and
forthcoming environment and green growth
strategies across the UK. These participatory,
interdisciplinary and evidence-based approaches
aim to balance conservation of biodiversity and
the sustainable use of natural resources with fair
and equitable sharing of the benefits and also the
potential to contribute climate change solutions.

Key message: The multiple benefits of NbS

require careful spatial and project planning
to deliver multi-sectoral benefits.

9. GETTING THE RIGHT
EVIDENCE FOR NBS

Knowledge and evidence about the opportunities
and effectiveness of different NbS interventions

is lacking. For example, techniques for measuring
carbon sequestration are well established in a
research context, but differ between habitats and,
often with a site-specific context, are rarely used
for evaluating wider environment management or
large-scale monitoring and surveys. This affects
our ability to incorporate NbS into project-based
carbon accounting — which may hamper the use of
carbon credit finance, if site carbon fluxes cannot
be measured or accurately estimated.

Key research gaps are summarised in Appendix 2.
Examples include the relative benefits of natural
woodland regeneration versus afforestation as

a NDbS, and what the appropriate management
standards are for the latter. The criteria and
standards required for an activity to be deemed as
NbS must be clear and strengthened to ensure that
projects deliver climate, biodiversity and human
benefits.

Applied research across disciplines will be key for
NDbS innovation and evaluation. Whilst this may
attract some private funding, strong government
funding will be necessary, including to provide
assurance of independence from vested interests.

It is also necessary to overcome barriers often
experienced in getting scientific research accepted,
understood and translated effectively into policy
and practice. This includes the use of academic
vocabulary by ecologists and conservationists, the
promotion of tools and models that are complex
and difficult to understand, and failure to capture
the inherent value of nature in economic models.
Characteristics of scientific assessments that have
successfully influenced policymaking include

a multi-disciplinary approach, involvement of
decision makers and other stakeholders in the
assessment process, a clear statement of the
implications for human wellbeing and effective
communication, both directly and indirectly via the
media, for example, with decision makers and the
public.

Key message: There are knowledge gaps and
uncertainties which hamper the more wide-

spread use of NbS. These knowledge gaps
are a barrier to developing the full potential
of NbS for climate, nature and people.
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EFFECTIVE NBS FOR

DELIVERING BIODIVERSITY
AND CLIMATE CHANGE BENEFITS

The following table summarises effective NbS
identified in the report where there is a good
degree of confidence in the available evidence.
A number of other habitats and NbS have been

explored in detail and gaps in research have been

NbS/Habitat

Peatlands

Woodlands

Climate change

mitigation potential

Peatlands store around
3 billion tonnes of
carbon in the UK

but are emitting an
estimated 23 million
tonnes of carbon
dioxide equivalent
(CO2¢) annually (c.

5% UK emissions) as

a result of drainage
and degradation.
Restoration can reduce
and eventually halt
these emissions.

The UK's forests
currently store
around 1.09 billion
tonnes of carbon and
sequester about 4.6%
of the country’s total
emissions. They
currently cover 13% UK
land area and there is
scope to increase this
significantly.

Climate change

adaptation
potential

Peatland can help
slow water flow
during storms.

Restoration
reduces peatland
vulnerability to
climate change.

Woodlands

can provide
adaptation
through reducing
flood risk, and
provide shade
and cooling in
rural and urban
settings.

Biodiversity potential

Restoration can help
re-establish rare species
and distinct peatland

biodiversity on extensive

areas of degraded
habitat.

New native woodland
will increase woodland
biodiversity and
robustness to climate
change. Increasing
woodland connectivity
will also benefit
biodiversity.

highlighted, although it should be stressed that

all NbS are important and should be considered as
part of a broad portfolio of projects. For executive
summaries of each chapter, please see Appendix 1.

Specific policy
recommendations

Restore degraded
peatlands; drainage
should be stopped and
reversed.

Continue to develop
Peatland Code and
public financing.

End burning on blanket
bogs.

Successful woodland
NbS requires specific
spatial and ecological
planning.

Avoid species rich
grasslands, peat and
other organic soils.

Increase native
woodland area,
increase connectivity,
and encourage
natural or assisted
regeneration of native
species.

10 Nature-based solutions in the UK



NbS/Habitat

Climate change
mitigation potential

Climate change
adaptation

Biodiversity potential

Specific policy
recommendations

Saltmarsh

Arable
Landscapes:
Hedgerows
and Field
Margins

Arable
Landscapes:
Agroforestry

Urban Street
Trees

Establishment of
saltmarsh habitats will
provide sequestration
and burial of carbon
from local, marine,
freshwater and
terrestrial sources in
saltmarsh sediment.

High soil carbon levels
are found under and
adjacent to hedgerows
and in field margins.

Agroforestry provides
carbon sequestration
and storage with
average storage
estimated to be up to
63 tonnes of carbon
per hectare due to
increased presence of
trees.

Increased carbon
sequestration from
tree growth and
habitat creation (small
compared to national
carbon budget)

potential

Saltmarshes
provide coastal
protection from
sea-level rise and
storms.

These areas
improve water
infiltration into
the soil store
storm runoff.
They can prevent
soil erosion, and
capture pollution
(e.g. fertilizer).

Agroforestry
provides
adaptation
through reduced
flood risk,
microclimate
benefits and
prevention of soil
erosion.

Trees provide
a localised
cooling effect;
estimated to save
£22 million in
annual energy
consumption
across inner
London for
example.
Trees enhance
recreation and
connection to
nature.

Saltmarsh provides a
high biodiversity coastal
habitat especially for
many bird species.

13 Section 41 bird
species use hedgerows
as primary habitat.
Hedgerows have rich
biodiversity, including
high levels of plants,
fungi and invertebrates,
including pollinators.

These habitats increase
ecological connectivity.
The high biodiversity in
these habitats enhances
pest management of
adjacent crops.

Agroforestry provides
increased biodiversity
due to tree cover and
hence habitat for many
species including
invertebrates and birds.

Increased numbers of
trees provide increased
biodiversity through
enhanced green
spaces, and increased
connectivity.

Establishment of more
saltmarsh, as proposed
in existing shoreline
management plans
and Climate Change
Committee targets.

Ensure protection

and re-establishment
of hedgerows. High-
priority for future post-
CAP environmental
payments across the
UK.

New public and
private land
management funding
should incentivise a
significant increase in
agroforestry.

Increase urban green
space and features
across urban policy
sectors including
planning, amenity,
recreation and health,
with focus on native
species to ensure NDbS.

british ecological society.org
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CLOSING STATEMENT

NDS have great potential to tackle the two defining crises of our age. This report
provides examples of opportunities for NbS across a range of habitats, as well as

discussion of some of the complexities involved in planning for NbS. The report
also outlines a detailed analysis of the tools, financial mechanisms and policies
required for effective delivery in a UK context. Policy change will be necessary to
overcome some of the challenges associated with NbS and to ensure that they fulfil
their potential, yet the rewards are vital in meeting national climate change and
biodiversity targets.
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1. NATURE-BASED SOLUTIONS

1.1 DEFINITION

Nature-based solutions (NbS) is an umbrella
term that brings together a diverse range of
stakeholders and disciplines into collaboration,
resulting in transdisciplinary work and a range of
differing perspectives!?. The International Union
for the Conservation of Nature (IUCN) defines
nature-based solutions as “actions to protect,
sustainably manage and restore natural and
modified ecosystems in ways that address societal
challenges effectively and adaptively, to provide
both human well-being and biodiversity benefits.
They are underpinned by benefits that flow from
healthy ecosystems and target major challenges
like climate change, disaster risk reduction, food
and water security, health and are critical to
economic development.”?

We recognise that NDbS is a broad concept and

can provide multiple benefits. For the purposes of
this report, we have taken a narrow focus on the
benefits for biodiversity, climate change mitigation
and climate change adaptation. This is due to

the objectives of the BES and the expertise of our
members. Whilst the exact definition of NbS can
vary between organisations and within literature
(as shown in Annex 1 to this chapter), at the core
of the concept is the multi-functional benefits that
can be derived from using nature as a solution to a
range of problems.

1.2 MULTIFUNCTIONALITY
AND THE CONCEPT OF
NATURE-BASED SOLUTIONS

Over the last decade, policymakers have
increasingly recognised the importance of
protecting nature not just for its own sake but also
for the many benefits it provides for people. It has
become clear both that protecting and restoring
nature can increase its resilience to anthropogenic
changes and help people mitigate and adapt to
environmental change®.

The approach of utilising nature as a solution is
grounded in the relationship between biodiversity

and ecosystem function. Living organisms interact
with other each other and the physical environment
in ways that maintain ecosystem function and
species themselves®. Ecological interactions
depend on a sufficient number of individuals

and their chance of co-occurrence. The loss of
these interactions leads to the loss of ecosystem
functioning®. Change in the physical environment,
for example with drainage, can also change what
species survive in a place. All of these factors
combine to affect ecosystem processes, such as
carbon sequestration and water flow.

Greater levels of biodiversity often results in
higher levels of ecosystem functioning and greater
stability”®. Of these ecosystem functions, many
directly or indirectly benefit humans, and these are
termed ‘ecosystem services’® e.g. pollination, water
cycling and carbon sequestration. The potential of
NbS to solve wider societal challenges opens up
new opportunities for mainstreaming biodiversity
conservation into policy and practice decisions in
other sectors and areas of society!®!112,

NDS are based on the understanding that
ecosystems naturally provide ecosystem services.
Therefore the protection, sustainable management
and restoration of ecosystems can protect and
enhance the provision of these services!. However,
it is important to recognise that NbS alone are not
a panacea for climate change and biodiversity loss.
They are an essential component of responding

to climate change but must be implemented
alongside other efforts across society to reduce
emissions, adapt to climate change, and reverse
the decline in biodiversity!®4.
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2. CONTEXT AND RATIONALE

2.1 UK POLITICAL ENVIRONMENT

The United Kingdom (UK) has committed to reach
net-zero greenhouse gas (GHG) emissions by
2050% and is a signatory to the UN Framework
Convention on Climate Change (UNFCCC) and
the Paris Agreement!. The Net Zero commitment
derives from analysis by the Intergovernmental
Panel on Climate Change (IPCC), following the
signing of the Paris Agreement, which found

that achieving the goal of limiting warming to
1.5°C required global net anthropogenic CO2
emissions to decline by about 45% from 2010
levels by 2030 and reach ‘net-zero’ by around
2050"". There are a range of other international
commitments, including the United Nations
Sustainable Development Goals (SDGs) and the
Convention on Biological Diversity (CBD), which
also commit the UK to tackle both the climate and
biodiversity crises. To achieve these targets and to
make effective strategic decisions, it is necessary
for policymakers across the nations of the UK to
have access to relevant and reliable evidence
regarding potential solutions that are relevant for
their specific contexts and political landscapes. The
upcoming UNFCCC 26" Conference of the Parties
(COP 26) has added urgency for this information
to be available with an additional emphasis on
delivering a ‘Green Recovery'® from COVID-19.

Following the UK's exit from the European

Union, there are new opportunities to address
climate change and biodiversity loss through

the implementation of innovative policies. For
example, leaving the Common Agricultural Policy
(CAP) has created an opportunity to move public
monetary support for agriculture away from area-
based support. This creates additional resources
for mechanisms with greater potential to provide
multiple benefits to society and the environment,
such as NbS. For example the development of new
subsidy frameworks for delivering environmental
‘public goods’ under Environmental Land
Management Schemes (ELMs) in England®®. This
could provide opportunities for farmers, foresters
and other land managers to secure financial reward
in return for delivering environmental benefits.

New agri-environment schemes are also being
developed by the devolved governments?.

2.2 CLIMATE CHANGE TRENDS

Climate change is a global issue. The
atmospheric concentration of GHGs has grown at
unprecedented rates since the beginning of the
Industrial Era?!, with dominant causes including
fossil fuel burning and land use change, such as
deforestation??. Increased GHG concentrations
have enhanced the natural greenhouse effect,
resulting in the global mean temperature
increasing by 1.2°C since pre-industrial times?.

In the UK, the annual average land temperature in
the most recent decade (2009-2018) has been 0.9°C
warmer than the 1961-1990 average?, and the
frequency of heatwaves has increased®. There are
also changes to rainfall patterns, which have led to
increased flash flooding and droughts?627:282% gcross
different localities. This may result in shortages

to water supply®, with downstream implications
on human health and agricultural production®..
Since the start of the 20 century UK sea levels
have risen by 16cm.* It has been estimated that
combined, these changes pose substantial risk

to the nation as well as to communities®*34, with
1.8 million people across the UK currently living

in areas of significant flood risk. There are also

2.6 million people projected to be living in areas
projected with risk by the 2050s%°. NbS alongside
other efforts can play an important role in helping
the UK to mitigate and adapt to some of the effects
associated with climate change.

2.3 BIODIVERSITY TRENDS

The recent Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services
(IPBES) report classified 25% of assessed species
as threatened?®. In the UK, the State of Nature
Report described a 13% decline in average
abundance of species and a 5% decline in average
species’ distribution of terrestrial and freshwater
species since 1970%. It was also found that the key
pressures on biodiversity come from agricultural
management, climate change, pollution,
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urbanisation, woodland management, land use
change and invasive species®’.There is recognition
across UK governments that we need to reduce
environmental pressure and put people at the heart
of biodiversity conservation?38394041,

Climate change has been identified as a key
driver for biodiversity loss#?434445 Tt has also

led some species to change the timing of their
seasonal lifecycle patterns, distribution shifts

and local population changes*®4"48, Whilst

some species can persist or adapt to climate
change, others may go extinct*445051.52  Adaptation
and building resilience of ecosystems will play

an increasingly important role in reducing the
loss of UK flora and fauna by helping habitats and
species (e.g. Natural England and RSPB 2020)% to
respond to climate change. For example, greater
habitat connectivity and/or better-quality habitats
can make species more resilient to change, as can
the careful restoration of habitats or enhancing
biodiversity hotspots®. These measures can also
facilitate change to new conditions. Actions to
protect biodiversity from climate change need to
be integrated with NbS, both to ensure NbS are
resilient to climate change and maximise benefits
to biodiversity.

2.4 EXAMPLES OF HOW TO
ADDRESS CLIMATE CHANGE
AND BIODIVERSITY LOSS
THROUGH NBS™

Climate change mitigation can be achieved via NbS
by55,47,56,57,58:

=  Reducing carbon emissions, e.g. avoiding
deforestation and restoring degraded peatland.

= Increasing carbon sequestration in ecosystems,
e.g. reforestation, peatland restoration and
agroforestry.

»  Increasing carbon sequestration in human
communities e.g. Urban tree planting (ensuring
the careful selection of the site and species of
tree and making sure the species is resilient to
climate change and other long term effects are
considered.)

[1] Not an exhaustive list, examples are based on the specific scope of our report.

Climate change adaptation can be achieved via
NbS through a variety of measures including?®s:

= Saltmarsh restoration which provides coastal
flooding protection.

=  Re-naturalisation of water courses and
wetland restoration to provide natural flood
management in river systems

= Cooling the urban environment, e.g. green roofs
Or green spaces.

Benefits to biodiversity can be delivered via NbS

through:

= Identifying biodiversity hotspots, e.g.
protecting the 2% of species rich biodiverse
grassland we have left in the UK.

= Habitat restoration and habitat creation, e.g.
peatland restoration, green roofs in urban
settings or seagrass and kelp in marine habitats.

=  Managing change and building in resilience,
e.g. increasing the genetic and species diversity
within ecosystems or adopting strategies such
as integrated pest management practices.

2.5 HUMAN HEALTH
AND WELLBEING

Human health and wellbeing are also benefits

that can be derived from NbS. However, given

the objectives of the BES and the expertise of

the majority of our members, the human health

and wellbeing aspects of NbS have not been
comprehensively evaluated as part of this report.
Nevertheless it is important that NbS are embedded
holistically within a wider framework of societal,
economic and environmental policies that together
will result in multifunctional beneficial outcomes.

It is increasingly recognised that nature is an
asset to humans®®. There is a wealth of research
on how observing and engaging with blue
surface water (i.e., lakes and coastal waters); and
green terrestrial areas (i.e., forests and parks),
referred to as Blue Health®! and Green Health®?,
can benefit the health and wellbeing of all age
groups®648, Contact with the natural world
allows the synergistic benefits of physical activity
and nature contact to buffer poor psychological
health by allowing mental recuperation®.67.68
whilst promoting low-level activity for good
physiological health. Engaging with nature has
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been found to provide people with life satisfaction
and wellbeing benefits®® through reduced

mental health illness’"! and improved in social
connectedness. A connection to the natural world
can provide a sense of belonging and buffers the
feeling of ostracism through improving emotional
wellbeing”»”. There is growing evidence that
people who have the opportunity to care for nature,

such as feeding garden birds, felt more relaxed and
a sense of oneness due to caring for the welfare

of organisms as well as providing opportunities

to socialise’5. Consideration of the quality of

the green space, in addition to the quantity, can
produce multiple benefits for people and the
environment’®.

3. SCOPE AND LIMITATIONS

3.1 SCOPE OF THE REPORT

This report presents an overview of the best
scientific evidence available to assist in the
understanding of the delivery potential of NbS for
climate change mitigation and adaptation as well
as for biodiversity conservation in the UK. Some
chapters have also highlighted where further
research is required, (for an overview of this please
see Appendix 2 of this report). The report focusses
on the UK evidence and draws on international
evidence that is relevant where UK evidence is
limited. This report is intended to inform policy
makers, landowners and investors.

The report is divided into ten chapters and two
sections. Section 1 has eight habitat chapters.
Each chapter contains an executive summary
(for an overview of this please see Appendix 1

of this report), definition of the theme, climate
mitigation potential, climate adaptation potential,
biodiversity value, relevant challenges and trade-
offs. Some chapters demonstrate the benefits for
human wellbeing. Section 2 of the report is not
habitat specific and covers wider considerations
for delivering NbS in the UK such as, policy and
finance and the spatial delivery.

3.2 LIMITATIONS OF THE REPORT

We are fortunate that our members have a wealth
of expertise in biodiversity and climate change
mitigation and adaptation which is what we have
drawn on for the purposes of this report primarily.
There are nonetheless significant gaps in the
underlying evidence which we have identified. We
have also focused on presenting the evidence and
options rather than advocating specific policies.

4. PROCESS AND METHODS

4.1 PROCESS

The BES Policy team issued a ‘call for expertise’
to our membership on this topic. This received
responses from over 100 interested experts. Lead
author(s), contributors and reviewers were found
for each chapter based on experience, fields of
expertise and relevance to the UK-context.

In order to ensure the chapters were reviewed

robustly, those who reviewed the chapter were not
involved in any of the stages of writing the chapter.
The length and content of each chapter reflects the

habitat type and the availability or gaps that are
present in the evidence.

4.2 STANDARDISATION OF
CARBON SEQUESTRATION
FIGURES IN THIS REPORT

Reporting on carbon sequestration is a relatively
new process, and standardised methods,
measurements and units are not readily available
or consistent in the scientific literature. Most
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commonly reported is a mass of sequestered
carbon dioxide, per unit area, per unit of time, and
these have been presented as tonnes of carbon,
per hectare per year within the report (t.CO,/ha/
yr). Where alternative measures such as tonnes

of carbon dioxide equivalent have been reported,
these have been standardised into t.CO,/ha/yr for
direct comparison.

We have followed the scientific literature carefully,
including examining the methods sections of
papers to ensure as much consistency as possible,
but while comparisons within chapters should

be robust, comparisons between chapters and
between different habitats may be susceptible to

some differences in approach in measuring these
values. There is clearly a need for a standardisation
of approaches to measuring and reporting carbon
sequestration across habitat types, especially

if NbS are to form an integral part of carbon
accounting.

Nevertheless, the report does clearly illustrate the
role many different habitats play in sequestering
carbon, providing adaptation mechanisms to
climate change and boosting biodiversity. It also
illustrates how management, restoration and
regeneration can maximise these benefits.

ANNEX 1: OVERVIEW OF DEFINITIONS OF NBS IN THE LITERATURE

Source Definition
Cohen-Shacham et al.
(2016).8

[IUCN definition]

‘actions to protect, sustainably manage and restore natural or modified
ecosystems, that address societal challenges (e.g. climate change, food and
water security or natural disasters) effectively and adaptively, simultaneously

providing human well-being and biodiversity benefits’

European
Commission (2015).”
[EU definition] build resilience’
Nature-based
solutions initiative.”®
[Oxford University]

‘solutions that are inspired and supported by nature, which are cost effective,
simultaneously provide environmental, social and economic benefits and help

‘involve working with nature to address societal challenges, providing
benefits for both human well-being and biodiversity. Specifically they are
actions that involve the protection, restoration or management of natural and

semi-natural ecosystems; the sustainable management of aquatic systems
and working lands such as croplands or timberlands; or the creation of novel
ecosystems in and around cities. They are actions that are underpinned
biodiversity and are designed and implemented with the full engagement and
consent of local communities and Indigenous Peoples.’

Kabisch et al. (2016).7°

‘is one of several concepts that promote the maintenance, enhancement, and

restoration of biodiversity and ecosystems as a means to address multiple

concerns simultaneously’

Maes and Jacob
(2015).80
processes’

Van de Bosch and
Sang (2017).8!

‘any transition to a use of ecosystem services with decreased input of non-
renewable natural capital and increased investment in renewable natural

‘solutions to societal challenges that are inspired and supported by nature
which are cost effective, provide simultaneous environmental, social and

economic benefits, and help build resilience’

Frantzeskaki (2019).%2

‘living solutions underpinned by natural processes and structures that are

designed to address various environmental challenges while simultaneously
providing multiple benefits to economy, society and ecological systems.’
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Albert et al. (2019).8°

Van der Jagt et al
(2017).24

United Nations World
Water Assessment
Programme (2018).8°

Zolch et al. (2017).8¢

White et al., (2019).!

‘(i) alleviate a well-defined societal challenge, (ii) utilize ecosystem processes
of spatial, blue and green infrastructure networks, and (iii) are embedded
within viable governance or business models for implementation’

‘multifunctional ‘green’ interventions delivering upon the social, economic and
environmental pillars of sustainable development’

‘inspired and supported by nature and use, or mimic, natural processes to
contribute towards the improved management of water. An NbS can involve
conserving or rehabilitating natural ecosystems and/or the enhancement or
creation of natural processes in modified or artificial ecosystems’

‘solutions using nature and ecosystem services to provide economic, social
as well as environmental benefits and span from natural ecosystems to novel
ecosystems that are either intentionally or unintentionally created by humans’

‘when ecosystem services have contributed the large service input into an
outcome that has created enough benefit to solve a well-defined problem’
(with possible service types being ecosystem, technological and social).’
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1. KEY POINTS

1.

The United Kingdom's forests currently store 1.09 billion tonnes of carbon and sequester
about 4.6 % of the country’s total emissions. The UK government’s commitment to plant
over 30,000 extra hectares of woodland per year by 2025 offers significant opportunities to
mitigate climate change through carbon sequestration, although the full benefits will not be
felt before 2050. Depending on the choice of site, species and establishment method, these
new woodlands could also benefit biodiversity and deliver multiple ecosystem services.

Large-scale afforestation should avoid peatlands, productive agricultural lands and habitats
of high conservation value, focussing instead on poor-quality grazing land of which there

is more than enough to fulfil government planting commitments. However, this loss of
grasslands would reduce the UK’s capacity to produce meat and dairy products (unless other
regions were further intensified), which could do more harm than good unless we switch

to more vegetable-based diets, if tropical forests were destroyed to create pastures which
supply the UK with imported meat.

Small-scale establishment of native woodlands within agricultural landscapes would provide
opportunities to reconnect fragments of ancient woodland, protect wildlife, and better
connect people with nature if made accessible. Natural establishment of woodlands should
be encouraged, where appropriate.

Non-native conifer plantations provide timber and other wood products, reducing the UK's
international environmental footprint; conifer plantations can be damaging for nature,

but careful planning can reduce that impact and even benefit some species. In order for
plantations to meet their potential, adaptation of woodlands and forestry to future hazards is
essential. This includes ensuring diversity is increased in plantations, pests and diseases are
controlled, and creating complex canopy structure.

Selective harvesting of trees in native woodlands provides a source of fuelwood (i.e. a
renewable energy that substitutes for fossil fuels) and other wood products. Some species
thrive in selectively-logged woodlands, but felling large, old trees and clearing deadwood
is harmful to birds, bats, lichens, invertebrates and fungi that are woodland specialists,
so these should be avoided. They are also important carbon stores. The UK would require
damaging levels of wood extraction to meet its energy demands through home-grown
fuelwood.

Past grant schemes aiming to support woodland creation have rarely met annual planting
targets due to social factors including bureaucracy, traditional perceptions of land
management, and financial viability. Local, and regional participatory approaches are needed
to negotiate around different objectives and build collective power for brokering public
payments for nature-based solutions.
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2. INTRODUCTION

The world’s woodlands could play a significant
part in offsetting greenhouse gas emission
(GHGs) in the next 20 years, providing humanity
with GHG removal capacity to offset emissions

in hard-to-decarbonise sectors'?34 Woodlands
already remove about 25% of anthropogenic
carbon dioxide emissions from the atmosphere at
a global scale®®. If the international community
halted deforestation, restored degraded forests
and replaced lost woody cover, then woodlands
could provide up to a quarter of the cost-effective
climate mitigation required in the coming

decade to stabilise warming to below 2 degrees
Celsius’. The independent UK Committee on
Climate Change (CCC) has recommended that
tree cover is increased from 13% to at least 17%,
existing woodlands are managed more effectively
and agroforestry is encouraged®. The 25 Year
Environment Plan also commits the UK to establish

3. CLIMATE CHANGE

new woodlands®. Ambitious woodland policies

are often met with varying opinions as to the

best approach, and in England this is highlighted
by responses to the English Tree Strategy
consultation. Confor, which represents the views of
forestry businesses, urges large-scale commercial
planting, facilitated by a simplified planning
process’®. In contrast, two environmental charities
call for woodland cover to be doubled!"'?, while
others emphasise that new woodlands could help
reconnect nature®®. This variety of opinions reflects
the fact that woodlands can provide nature-

based solutions (NbS) to multiple societal needs

- including timber production, carbon drawdown,
and improved mental health by connecting people
with nature - and that various institutions have
different priorities, each with varying implications.

MITIGATION POTENTIAL

The UK’'s woodlands store large quantities

of carbon (1.09 billion tonnes of carbon (t.C))

and currently sequester about 4.6 % of the
country's GHGs each year!*!5. This regulating
service has been valued at £1.96 billion per year?®.
However, the forest carbon sink has steadily
declined over the past 20 years!s. There are broadly
three ways to increase the UK's woodland carbon
sink in future (Figure 1, based on'’):

AFFORESTATION

Afforestation of farmland is effective at
sequestering carbon in plant material, litter and
soil. The UK is committed to planting 30,000
hectares (ha) of woodland per year by 2025, with
each of the four countries having their own targets
and support schemes. The CCC estimates that
these new woodlands will sequester an additional
2 million tonnes of carbon dioxide per year (t.CO,/

yr) by 2030. Simulation models suggest that
planting 23,200 ha of new woodland annually for
the next 40 years would eventually sequester an
extra 12 million t.CO,/yr (cf. 19 million t.CO,/yr

at present) but it would take until 2070 to reach
that peak (Figure 1). An alternative to planting
trees is to allow natural afforestation'®. Diverse
naturally established forests can accumulate
carbon rapidly once sufficient trees have colonised
a site'®. However, the initial phase of woodland
establishment is hit-and-miss, depending on the
proximity of seed sources, the density of ground
vegetation, and herbivory pressure®, potentially
delaying carbon drawdown by a decade or more?'.
Unless these issues are resolved (e.g. by assisting
seed dispersal'®, scarifying soil??, planting clusters
of key trees??, and controlling herbivores?°), natural
colonisation remains a risky approach to meet
2050 emissions targets.

26 Nature-based solutions in the UK



PROTECTING EXISTING FORESTS  INCREASED PRODUCTION OF
Protecting natural forests from being logged TI M B ER AN D UTH ER WU 0 D
(“proforestation”) is recognised internationally PRU D U CTS

as an effective NbS for removing CO, from the
atmosphere®?32425 Previously logged woodlands
become major carbon sinks once protected and
allowed to regenerate, and even after maturity
can continue to accumulate carbon in dead wood
and soils?®. However, historical deforestation

has left the UK as one of Europe’s least wooded
countries'”?” and, while it is important to protect
our remaining native woodlands, more trees

need to be established to create a significant
carbon sink (Figure 1). Increasing rotation lengths
of commercial plantations also leads to carbon
sequestration?, but is not sufficient to meet
emissions targets (Figure 1). However, there is also
uncertainty about the permanence of woodland
carbon stores (both native and exotic conifers),
given risks of introduced pest and disease?.

The 6.5 million tonnes of wood that is harvested
from UK woodlands annually meets only a small
fraction of domestic demand?. The CCC has
recommended that more native woodlands are
brought into sustainable management to meet this
demand?®. For instance, harvesting trees to produce
fuelwood reduces carbon stocks in the woodlands
themselves, but the fuelwood substitutes for fossil
fuel so reduce emissions overall. A similar principle
applies with timber production in commercial
plantation: making more buildings from wood could
significantly reduce emissions from the construction
sector, as concrete production is a major emitter

of CO,*, so, maximising wood production can be
beneficial for climate even if it comes at the expense
of carbon storage in the plantations. Calculating

the abatement potential of managed woodlands
requires complex carbon accounting that transcends
industrial sectors and tracks the persistence

of harvested products through time, but these
accounts are seldom available®?. The simulation
model indicates an additional 30% carbon sink once
harvested wood is included (Figure 1).
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Figure 1. Predicted impacts of different management interventions on the UK woodland carbon sink (adapted from the
Read report of 2009'7). The simulation models predicted the additional carbon sink resulting from the management
interventions, compared with “business as usual”. Three scenarios are presented: enhanced afforestation equating to
23,200 ha of new woodlands each year from 2010 to 2050 (red); reduced harvesting of forests to increase their carbon
stocks (light green); and optimising rotations to maximise wood production (dark green). Note that simulations did
not include the carbon sink that could arise from protecting naturally established woodlands from deer. Panel (a) gives
the woodland sink (i.e. carbon stored in trees, soil and litter) while (b) gives total abatement - the woodland sink plus
the carbon stored in harvested wood or consumed in place of fossil fuel. For comparison, the CCC estimates that an
additional carbon sink of 17 million t.CO2/yr would be generated by 2050 if its recommendations are adopted.
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The mitigation potential of UK forests is affected

by three poorly quantified phenomena. First,

conifer plantations absorb more solar radiation than
deciduous broadleaf forests, and thereby warm the
atmosphere®. The large-scale transformation of
Europe’s broadleaved forests to conifer plantations
over the past three centuries has contributed to global
warming, largely counteracting the climate benefits

of locking additional carbon in forest biomass and
soils®*3%. Secondly, tree planting can reduce soil carbon
stocks. About 70% of forest carbon is held in the soil*,

4. CLIMATE CHANGE

and site preparation typically releases carbon from
stores®, creating an initial “carbon debt” which needs
to be repaid before management delivers any climate
benefit®*°. Trees also alter the quality of soil organic
matter as they grow*® with long-term consequences
for carbon storage*'. Thirdly, the removal of carbon
from forest ecosystems via stream-water transport*>43
is poorly quantified. We recommend further research
into these factors to refine predictions of carbon
drawdown associated with woodland establishment
and management.

ADAPTATION POTENTIAL

Woodlands can provide climatic adaptation
benefits for people, such as flood and erosion
alleviation** (see Chapter 6: Freshwater Systems
for analysis of tree planting impacts on flooding),
but in order to do this, adaptive measures are
needed to create forests and woodlands that will
be resilient to future risks to continue providing
NDbS to society?*454¢, Climate change may
threaten woodlands by increasing the frequency
of disturbance events that kill trees*’. Unlike
other sectors, adaptive measures for forestry
need to account for long time lags between tree
establishment and maturity.

Three adaptations are key:

a. Increase diversity (genetic and species):
Species-rich ecosystems are typically more
resilient to environmental threats because
different species respond differently to
stressors, thereby buffering the system as a
whole*. Native tree species are genetically
diverse and thus have likely to enable
adaptation and resilience to climate change;
natural regeneration or locally sourced seed
should continue to be a core component of
future woodland creation when biodiversity
conservation is a key objective®. The Forestry
Commission recommends including species and
provenances with more southerly origing?%4646,

b. Control pests and diseases: Significant barriers
to forest adaptation include widespread
tree mortality from pests and diseases, with

risks increasing due to reliance on imported
plants?. The UK Plant Health Risk Register
currently includes approximately 300 pest and
disease species likely to attack trees and pose
a greater immediate risk to woodlands than
climate change. Resistance strategies, such as
integrated pest management practices, raising
more planting stock in the UK, using natural
establishment where possible, improving
biosecurity to prevent the movement of
contaminated water and soil, and increasing
surveillance to catch outbreaks early, will
reduce their likelihood and frequency.
Engagement of the plant supply chain in the
new Plant Health Management Standard and
associated Certification Scheme will be an
important mechanism to achieve this.

c. Improve structure: New woodlands, whether
forestry plantations or new native woodland
can be established with future diverse canopy
and forest structure planned from the outset, to
increase resilience to hazards®. For example,
planting in some areas can be delayed, fast-
growing species can be planted in mixtures
with slower-growing species, and wider
spacings can be used to allow some natural
vegetation to establish or thinning regimes
can be planned to ensure structural diversity
develops with stand age and size®.. It is harder
to transform existing forests into continuous
cover systems, but work is being done to
develop successful techniques®.
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5. BIODIVERSITY VALUE

BRINGING NATIVE WOODLANDS
BACK INTO ACTIVE MANAGEMENT

INCREASING THE COVER OF
NATIVE WOODLANDS

The CCC recommends selective harvesting of what
they consider to be “neglected” native woodlands
to produce fuelwood and other wood products.
Limited harvesting of overgrown woodlands creates
structurally diverse canopies that favour ground-
layer plant and tree regeneration®54%°. However, old
trees and deadwood should be retained in managed
woodlands, as they are immensely valuable for
woodland specialist species® %% and are nationally
uncommon®. Ancient woodlands are particularly
valuable sites for veteran trees, deadwood and
woodland specialists but occupy just 2.2% of the
UK. Harvesting any veteran trees should be
avoided as it takes many decades to accumulate
woodland specialists in secondary woodlands®85%60,
Other forms of sustainable management that can
deliver benefits for nature include: harvesting non-
native conifers that were planted in 39% of ancient
woodland sites in the twentieth century, creating
opportunities for nature to recolonise; reducing or
eliminating populations of deer and uncontrolled
livestock which browse on seedlings and prevent
regeneration from occurring, recognising that UK
woodlands lack the predators that would have once
kept these herbivores in check; clearing of invasive
species, including Rhododendron ponticum, to
enable natural regeneration processes to resume,
and ground flora and epiphytes to re-cover® 545,

New woodland planting provides opportunities

to create “more, bigger, better and joined” nature
reserves®. In particular, there are opportunities
to increase the resilience of the UK's network of
42,000 ancient woodlands (at least 250 years in
Scotland or 400 years in other UK nations), which
are predominantly less than five hectares in size
and highly fragmented>3562, Natural or assisted
establishment is most appropriate when expanding
native woodland for biodiversity conservation,

as it produces a more diverse structure, with
better matching of species to soil and topography,
provided relevant species have seed sources in
the area. Culling of deer in areas of the Scottish
Highlands has led to the gradual return of pine
and birch woodlands?® and several “rewilding”
projects have led to the return of open woody
habitats once grazing pressure from domestic
livestock is reduced, and, sometimes, wild pigs re-
introduced to disturb the s0il®. Rewilding projects
that return woody cover to agricultural landscapes
have had some notable successes at restoring
rare wildlife®®. Planting native woodlands on
species-poor farmland increases local biodiversity
over time**%%464 gnd improves the connectivity of
fragments®. Woodlands imperil wildlife if allowed
to establish on open habitats of high conservation
value (“priority habitats”), such as lowland
heathlands and species-rich grasslands®, so these
should be avoided. Local populations of native
species are genetically diverse and locally sourced
seed should usually be a core component of future
tree planting when biodiversity conservation

is a key objective?®, although there may be
opportunities to diversify impoverished floras and
expand the range of rare species by introducing
species from further afield.

Photo 1: Natural establishment adjacent to remnant
Caledonian Pine forest in a deer exclosure in Glen Affric,
Scotland © Emily Warner
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INCREASING THE COVER OF
FORESTRY PLANTATIONS

Forestry plantations negatively impact biodiversity
if planted into species-rich habitats®67.68, However,
when planted into degraded agricultural land, they
can benefit some organisms® . Spatial planning

6. TRADE-OFFS

WHERE TO PLANT TREES

Afforesting high-quality arable land (i.e., Grade 1,
2 and 3a agricultural land) should be avoided, as it
reduces the UK’s capacity to produce food, leading
to an even greater reliance on food imports which
are linked to deforestation in the tropics, releasing
CO, from those forests and destroying biodiversity
hotspots’. Additionally, planting trees on
productive land presents a major opportunity
cost”. However, there may be opportunities to
establish groves of trees on steep, inaccessible or
unproductive pockets within arable landscapes,
and also in agroforestry, hedgerows, field margins
and stream sides, without compromising food
production’. (see Chapter 5: Arable Systems for
detailed discussion). Peri-urban woodlands also
provide natural places for people to enjoy nature,
and have a social value that outweighs any loss of
arable land”.

Establishing woodlands on low-biodiversity
grasslands (Grades 3b or 4 agricultural land) offers
the best prospect for large-scale afforestation. The
Forestry Commission has identified five million

ha of “low risk” land?®, while the Friends of the
Earth’s figure is 1.4 million ha, having screened
out species-rich grassland and priority habitat for
conservation!!. Even if further areas of priority
habitats are discovered®®, there appears to be
enough “rough grazing land” to double woodland
cover. However, afforestation of these grasslands
will not deliver climate benefits unless it is
accompanied by a shift in diet away from meat and
dairy products and/or greater productivity on the
remaining land!!. This shift is necessary because
without it, we would need to import additional
meat and dairy products from overseas, with

can reduce negative impacts”’. For instance,
protecting native woodland and herbaceous
habitats near stream courses and retaining patches
of old trees within the landscape can enhance
opportunities for nature without compromising
productivity and is a requirement under the UK
Forestry Standard.

knock-on consequences for land use change in
other regions of the world (i.e., telecoupling”).

Afforestation of peatlands and organic-rich soils
should be avoided. Afforestation requires improved
drainage to achieve strong tree growth’, but
aeration accelerates microbial decomposition of the
peat, releasing CO, and generating a major initial
carbon “debt” that takes years to repay through
tree growth””. Planting on peat that is deeper than
50 cm is now outlawed under the UK Forestry
Standard, but planting on shallow peat continues,
supported by evidence that these plantations can
sequester carbon over the production cycle if the
productivity is high enough. However, modelling
suggests that peats should be avoided altogether to
avoid damaging the soil, and that new plantations
should be created in low-grade agricultural land
instead’. In one study, native birches and pines
planted on organic soils were found to result in
carbon loss from the soil which offsets carbon
accumulation within living biomass, leaving no
climate benefit of afforestation after 12 and 39
years*!. Policies regarding the establishment of
woodlands on carbon-rich soils (including moorlands
and heathlands) may need refinement if further
evidence emerges of adverse effects on the large
stocks of carbon held belowground.

WHICH SPECIES TO PLANT

Successive governments have subsidised
afforestation with non-native conifers, recognising
that Sitka spruce and a handful of other conifers
can deliver much greater volumes of merchantable
timber than native woodlands’”. This has created
a rural industry that employs 43,000 people in
forest management and primary wood processing,
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providing timber and other wood products to

a country heavily reliant on imports. However,
several native broadleaf species store more

carbon than introduced conifers across the drier
and warmer parts of the UK'%2¢ [Morecroft, pers.
comm.]; mixed-species planting that leads to oaks
dominance through succession also results in more
durable carbon stores than achievable by conifer
plantations®. There is currently little incentive for
landowners to plant broadleaf woodlands, because
carbon storage remains a public good, but the
value of this service far exceeds the market value of
timber'®, and if that were reflected in government
incentive schemes, then more broadleaf woodlands
might be planted. The UK Forestry Standard
provides a framework for more sustainable forestry,
discouraging geometric plantings of single species
in large even-aged blocks in favour of mixed
systems including native species (at least five

per cent)®. Broadleaved woodlands store about
29% of the carbon in UK forest biomass and could
sequester significantly more if established over
sufficient scales?. Based on studies in Europe8?884,
mixed-species forests sequester carbon more
rapidly than monocultures® and are more climate
resilient*, particularly in regions where climate
imposes a strong limitation on wood production®®.
We argue that any government subsidies intended
for biodiversity conservation should be directed to
native woodland creation and management, under
the public money for public good principle.

RENEWABLE ENERGY
VS. FOREST CARBON

Wood can be used to heat buildings and fuel
electrical turbines, offering a substitute for fossil
fuels®”. The UK would require afforestation on

an unrealisable scale to meet the demands of its
existing wood-powered stations domestically, let
alone expand power production and large-scale
afforestation with non-native species for energy
production would be environmentally damaging
or compete for land with food production®,
However, small-scale use of wood can potentially
be environmentally sustainable, particularly

if using thinnings and other waste products

from forestry, native woodland and hedgerow
management?’, and might be considered as NbS in
some limited circumstances.

PAYING TO PROTECT TROPICAL
FORESTS VS. AFFORESTATION

Protecting natural tropical forests could deliver
immediate climate benefits at a fraction of the cost
of other climate mitigation activities®, and benefit
some of the billion people who rely on forests for
their livelihoods®, if governance and social justice
issues can be resolved?®. However, international
commitments to create new plantations in
developing countries risk harming natural
ecosystems and livelihood, without delivering
climate benefits, if hastily implemented without
due diligence?.

/. HUMAN WELLBEING VALUE

Woodlands provide multiple services in addition
to climate and biodiversity benefits, including
timber and fibre production, water quality and
green space for human wellbeing®!. Natural capital
accounts show that the non-market benefits of

woodlands are about 12 times more valuable
than the market benefits of wood production'®.
This calculation does not place a monetary value
on biodiversity, but biodiversity underpins most
natural capital elements.
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CASE STUDY 1

Thetford Forest is a large commercial forest on
the Norfolk/Suffolk border mostly planted with
conifers between the 1920s and 1960s in an area
of low-productivity sandy soil supporting arable
fields, grasslands and heathlands. An analysis

of a wide range of management options and
ecosystem services has clarified the nuances
between the trade-offs and synergies associated
with different management techniques®. This led
to recommendations for a landscape design that

balances and maximises overall ecosystem service
delivery, including some restoration of ecologically

important heathland, rather than focus on a single
benefit such as timber production®.

s e T
Photo 2: Heathland in Thetford forest
© Nick Macneill (cc-by-sa/2.0)

8. IMPLEMENTATION OF

WOODLAND NBS

The prevailing political and policy context in the
UK provides scope to turn the potential for NbS
into practical action. With a focus on ‘public money
for public goods’ and the need to replace the
Common Agricultural Policy (CAP)%, there are new
opportunities to develop market-based approaches
to catalyse change, recognising that woodland
planting and ongoing management activities need
to be commercially attractive.

There would be strong financial incentives to
buffer ancient woodlands and ‘integrate’ large
scale woodland projects into suitable upland
landscapes if the social cost of the interlinked
climate and biodiversity crises was reflected

in the subsidies governments were willing to

pay landowners for establishing and managing
woodlands. This would have to be carried out as
part of a managed transition away from existing
farming practices. The total social value of carbon
sequestered by UK woodland has been valued at
£239/ha/yr, which is greater than the expected
returns from timber production?’. Incentives to
establish woodlands for carbon sequestration are
currently too small to drive change on the scale
required: only 266 projects have registered for the
Woodland Carbon Code — a voluntary standard
by which verified carbon credit can be produced

- since 2011, and these are predicted to sequester
about 6.2 million t.CO, in total over their 100-years
lifetime®. This is relatively small given that the
UK’s emissions are currently 351 million t.CO, per
year*®. The government-backed Woodland Carbon
Guarantee makes steps towards addressing this
issue, offering landowners the chance to bid for
guaranteed carbon payments to make tree planting
a financially viable option.

It is widely recognised that research, policy,

and practice must pay more attention to
socio-ecological considerations to reconcile
different objectives® which must be taken into
consideration when planning woodland NbS.

Past grant schemes aiming to support woodland
creation have rarely met annual planting targets
due to social factors including bureaucracy and
traditional perceptions of land management, and
because they have struggled to compete financially
with other options. Research, as well as emerging
partnerships in practice, support the development
of local, landscape-scale, or regional participatory
approaches. These partnerships enable negotiation
around different objectives, collaboration across
land ownership boundaries, and build collective
power for brokering public payments for NbS,
marketing of local products, and maintaining long-
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term monitoring. There is a need to support locally
led partnerships which can identify the NbS of
importance to their region, and how these should
be delivered®”. Woods and forests can deliver
considerable ecosystem services, including carbon
sequestration, if carefully thought through, located
and implemented.
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1. KEY POINTS

1. Heathlands are successional habitats that store high levels of carbon, mainly in the soil.

2. Most types of heathlands require regular management to maintain their structure, function
and characteristic assemblage of species which can conflict with climate mitigation initiatives
(e.g. planting trees or allowing natural succession).

3. Any active climate mitigation initiatives need to consider the resulting changes in
biodiversity, including losses of heathland specialists and other open ground species.

4. Soil disturbance as a result of management actions can increase carbon emissions from the
soil stock, thus soil conservation and minimal disturbance is the best mitigation tool against
carbon emissions from the ecosystem.

5. Heathlands undergoing shrub or tree encroachment may release carbon into the atmosphere
from the soil, which will not be offset by the growing shrubs or trees for decades.

6. Removing conifers from afforested heathland may result in some carbon emissions but will
benefit the soil carbon stores and heathland biodiversity in the long term.

7. Creating heathland from ex-arable land will result in increased carbon sequestration in soils
and vegetation.

8. Some grazing can have a positive effect on habitat quality, but it can increase greenhouse gas
emissions depending on the species and breeds.

9. Restoring degraded heathland (e.g. overgrazed and transformed into grassland), will also
result in increased carbon sequestration in soils and vegetation.

10.In the uplands a reduction in grazing levels on heathlands and more careful targeting of
habitats suitable for burning would result in increased carbon sequestration.


http://www.britishecologicalsociety.org

2. INTRODUCTION

In the United Kingdom heathlands characterised
by heathers (shrubs of the Ericaceae family) are
found in the lowlands and uplands. They may also
contain bare ground, grassy patches, bryophytes
and lichens and generally have a limited cover of
trees and bracken'!?. Heather-dominated vegetation
on deep peat, in coastal situations or on mountain
tops, including blanket bog, alpine heath and
moss heath?, are beyond the scope of this chapter.
Further information on the potential for nature-
based solutions (NbS) in peatlands can be found in
Chapter 3.

Heathlands occur in mostly acidic and nutrient-
poor soils and show transitions from dry to wet
types on a variety of substrates from mineral soils
to shallow peat!!.

In the UK, although ecologically they are a
continuum, there is a management-based division
between upland and lowland heathlands and these
face different threats respectively, for example,
under-management in the lowlands and livestock
overgrazing and overburning in the uplands?®.

Although the post-glacial wildwood would
have had heathy areas, heathlands expanded
and were exploited by people over centuries*®.
The area covered by heathland in the UK has
declined significantly, particularly since 1945;
the areas that remain have suffered declines in
habitat quality and species losses®. Despite the
need for regular management to maintain the
characteristic openness of this habitat, people
often see them as natural or even wild places,
particularly in the uplands.

Figure 1: (Left) Lowland Heathland (Dersingham Bog NNR, Norfolk ©Isabel Alonso, NE); (right) Upland heathland
(Stanage Edge, Derbyshire ©David Glaves, NE)

3. CLIMATE CHANGE
MITIGATION POTENTIAL

Most of the carbon in heathland ecosystems is

in the soil (ONS 20207: 98% in soils versus 2% in
vegetation). Organic soils (soils with greater than
60% organic matter®) contain the largest amount of
carbon®'° but mineral soils can also be as important
carbon stores!t!2. Thus, soil conservation and
minimal disturbance is the best mitigation tool

against carbon emissions from the ecosystem.

The main studies looking at soil carbon content in
the UK group together “moor and heath"*°. These
studies include a variety of soil types with a wide
range of carbon content, likely including degraded
blanket bog with a high cover of heathers which
falls outside the definition of “heathlands”.

[1] Sites with deep peat (at least 0.3 m in England or over 0.5 m in Scotland), are considered blanket bog, even if the aboveground vegetation is dominated by heathers®. Blanket

bog will be considered in the Chapter 3.
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However, the values for carbon stocks in heathland
soil from the literature that we do have are similar
and range from 82 to 103 tonnes of carbon per
hectare (t.C/ha)™®’. Figures for carbon content of
the heathland vegetation component are more
variable (from 0.5 to 49 t.C/ha), probably reflecting
the varied conditions of the experimental sites.
The higher figure is for an uncommon situation: an

upland site fenced and unmanaged for 25 years!.
As a result, it is currently difficult to extrapolate
the impact of management on the carbon stores of
particular soils. Further studies comparing mineral
and organic soils, across a range of geographical
locations, in the uplands and lowlands, would fill a
significant evidence gap.

MANAGEMENT IMPACTS AND CARBON SEQUESTRATION

3.1 TREE AND SCRUB
MANAGEMENT ON
HEATHLANDS

Evidence indicates that trees growing on
heathlands do not necessarily lead to significant
gains in carbon stocks?”34. One study indicated that
natural afforestation in the uplands only resulted
in an additional 3 tonnes of carbon dioxide per
hectare per year (t.CO,/ha/yr) *(Figure 2). Further,
research demonstrated that planting trees in
upland heath reduced carbon sequestration and
increased emissions due to changes in the soil and
biodiversity losses'®?¢. Tree planting in East Anglian
heaths also reduced soil carbon by approximately
0.6 t.CO,/ha/yr in 21 years™ (Figure 2).

Trees growing on wetter heathland soils, either
planted or regenerating naturally, can increase
carbon emissions from the soils, not compensated
by the increase in the carbon stored in wood'’. A
study has shown that that planting trees on 2000
ha of coastal heath in Norway could result in 1.5
t.CO, sequestered in 50 years, but these heaths
already have 0.9 t.CO, in the soil now and, for
comparison, the Norwegian national emissions
just from oil extraction are 51.3-565.0 t.CO, 2.
Therefore, on balance trees will only sequester a
proportionally small amount of carbon but would
damage the biodiversity of an existing habitat
with important carbon stores in the soil. Further
research also indicates that the carbon storage
of open habitats (grasslands, heathlands and
wetlands) has traditionally been underestimated
and tree planting may not render the carbon
sequestration results expected'®. See Chapter 1:
Woodlands for further discussion.

Reconnecting heathland patches by removing

conifer plantations can result in carbon emissions?,
as does removing scrub and trees from neglected
heathlands?*3* but both interventions benefit
heathland specialist species?!. Furthermore, halting
the natural growth of trees on most heathlands

to maintain or enhance condition and cater for
species characteristic of open heathland involves
grazing, removing vegetation regularly and/or
creating bare ground, which involves trade-offs
with carbon fluxes.

In summary, there may be trade-offs between
achieving the conservation objectives for
heathlands and their characteristic species, and
achieving climate mitigation objectives through
afforestation®. Soil disturbance as a result

of management actions can increase carbon
emissions from the soil stock and should be
minimised. The widespread natural growth of trees
and scrub on heathlands should be controlled to
help retain existing heathland soil carbon stocks
and cater for heathland species characteristic

of open and diverse vegetation structure. Open
habitats, including grasslands and heathlands,
particularly those in a degraded state, will be
lost if tree planting is not carefully planned?®.
This highlights the need to conduct detailed
environmental assessments at sites ahead of
implementing potential NbS in order to minimise
the risk of adverse outcomes.

3.2 RESTORATION FROM
GRASSLAND

Heathlands that have changed into poor-quality
grasslands as a result of increases in nutrient
availability or inappropriate management?2
should be restored as they can store more carbon
with an ericaceous cover?%26.27,

british ecological society.org

41


http://www.britishecologicalsociety.org

Restoring upland heathlands can be achieved by
adjusting grazing pressure, reducing inappropriate
burning and clearing bracken?. Lowland heathland
restoration, from degraded grassland or former
agricultural grasslands, can include methods

such as topsoil removal to reduce nutrient loads

or chemically amending the soil to reduce the pH
(for example through the addition of sulphur) to
help establish ericaceous cover?. However, there
may be unintended consequences after these
drastic interventions, such as soil or archaeological
damage® or increased availability of toxic elements
such as aluminium?®! or impacts on invertebrates®?,
which needs a site-specific restoration plan.
Adding seeds® or plant plugs to the soil can
sometimes be necessary too.

For example, one study?® found that degraded
upland heathland that changed into grassland had
slightly larger vegetation carbon stocks (1.8 t.C/
hamore) but much smaller soil carbon stocks (13.8
t.C/haless) than the target heathland habitat (12
and 102 t.C/ha respectively) so overall, the system
had lost carbon by being in poor condition. On

the other hand, restored heathland had similar
vegetation carbon content to the target heathland
(only 0.1 t.C/haless) and the soil carbon stock was
only slightly smaller (1.9 t.C/haless).

Overall, where heathlands are degraded and
change into grasslands, their soil carbon stocks
are significantly lower than good quality heathland
habitats. Therefore, where possible, management
practises should aim to restore heathlands to their
target heathland habitat condition to improve
carbon stocks.

2.3 BURNING

Burning has been traditionally used to manage
heathland vegetation but heathlands change
from carbon sinks to sources when burned due
to reduced photosynthesis®?® and increased
emissions, especially if the fire takes place in
summer (Figure 2). However, it is possible that
controlled fires on upland heathland that do not
damage the organic soil layer and do not have an
underlying peat layer could be carbon neutral®®,
though this depends on burn intensity, severity
and rotation length®’. Longer burning cycles,
smaller proportions burnt annually, avoiding
peat soils (for further information, see Chapter 3:

Peatlands) and burning under appropriate burning
conditions based on good practice can help to
reduce carbon emissions from burning heathg3$340,
Less frequent burning and on smaller areas

can also help improve the habitat condition, by
producing a more diverse vegetation structure?.

Careful controlled burning of heathland can be
carried out to achieve biodiversity objectives, but
needs to follow good practice (Heather and Grass
Burning and Muirburn Codes).

Upland Health Lowland Health DSH

20

Carbon
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Carbon
Sequestration
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R N N .

Draining [V+S]
Draining [V+S]
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Reduction in grazing [V+S]

Figure 2: Summary of the impacts of typical heathland
interventions on C fluxes (t.CO,/ha/yr). After ®Quin

et al. (2015), @Sozanska-Stanton et al. (2016), ®Carey

et al. (2016), @Morison et al (2012). V= vegetation; S=
soil; DSH= Dwarf Shrub Heath (general data for both
upland and lowland, or unspecified). Maintenance here
means light grazing by livestock and deer, no burning?.
Background emissions (e.g. through bacterial oxidation)
were calculated from field studies following IPCC
methods for sites across Wales and Scotland®.
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4. CLIMATE CHANGE

ADAPTATION POTENTIAL

Both lowland and upland heathlands have been
described as having a “Medium” sensitivity

to climate change*'. Heathlands are sensitive

to changes in hydrology and the potential
increase in the extent and frequency of fires
due to projected higher temperatures and more
frequent severe droughts. Also, heather beetle
outbreaks could potentially increase in numbers
in response to warmer winters*?. These factors
coupled with increased nutrient availability (e.g.
through atmospheric nitrogen deposition from
fossil fuel burning and intensive farming) could
result in unpredicted and unwanted changes in
the vegetation composition and structure (e.g.
increased biomass***4) which could affect the
current biodiversity of the habitat. Increased
nitrogen deposition does however lead to
increased carbon sequestration in the litter and
organic horizons until a point of saturation* and
managing the heather to maintain it at a young
growth stage (building phase) maximises carbon
sequestration®,

Both upland and lowland heathlands are likely

to suffer a deterioration in condition and change
into other habitat types as a result of changes in
climate. In the lowlands, this is likely to involve a
change from lowland heathland to acid grassland.
Meanwhile, upland heath vegetation is expected
to become more similar to that of lowland heath®.

Drought can result in increased CO, emissions
in wet heaths: carbon in soils decreased 60%
with experimentally induced drought in just two
months*>%.

Enabling heaths to adapt to climate change will be
necessary to enable them to continue to act as a
NDbS. Reducing other pressures such as recreational
disturbance and atmospheric nitrogen deposition
and continuing appropriate management may
help heathland sites adapt to climate change®.
Tree cover, particularly native broadleaves (e.g.
birch or pedunculate oak) and in Scotland, native
Caledonian pine, could be allowed to grow in
some areas, particularly ecotones, to provide

some heterogeneity in the landscape. However, to
reduce the loss of heathland species and maintain
favourable condition, tree cover should be kept
below 15% in lowland heathlands! and below

20% (scattered native trees and scrub) in upland
heathlands?.

In a changing climate, appropriate management of
heathlands can help to: conserve soil, especially
organic soil which accumulates carbon; reduce

the impact of flooding and wildfires; increase
biodiversity, especially of characteristic heathland
species (e.g. solitary bees and wasps); and provide

connections with nature which can be enjoyed by
a111,2,40,46_

5. BIODIVERSITY VALUE

Historically, heathlands have been home to a wide
range of species. Today in England alone, lowland
heathlands are home to 133 priority species and
upland heathland to 35, most of which require
bare ground and short vegetation (Figure 3), which
can only be provided by active management?!.
Conversely, less than a third of these species
require scrub or wood-edge. Therefore, neglect

or afforestation would benefit very few heathland
species and would be detrimental to the majority.

It has been suggested that “dynamic scrub” (i.e.
scrub developing in some areas for a few years
before being controlled), in particular including
birch, willow, gorse and hawthorn, without
becoming dominant or developing into large blocks
should be encouraged?'.

Large-scale habitat mosaics could potentially
support more priority species*” although some
priority species require very specific conditions
or management (e.g. heavy grazing and soil
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disturbance and/or ungrazed nectar sources and/or
scrub). On the other hand, reductions in intensity
of management, especially grazing, and mixed
grazing with cattle or ponies can contribute to
restoration and reduce fragmentation of upland
heathland and associated large-scale habitat

mosaics*® (see Case Study 1 below) to the benefit of

some scarce and declining upland species?*®®.

Figure 3: Percentage of UK priority species that occupy
particular niches/habitats in lowland heathlands?' ©
Isabel Alonso.

6. TRADE-OFFS

There may be a temptation to try and address

the climate emergency by proposing potentially
quick fixes, such as planting trees extensively, or
allowing natural succession towards woodland,
including on heathlands. However, as shown
above, open habitats are important for specialised
biodiversity and, in the case of heathlands,
important carbon stores. As mentioned previously,
tree planting without due environmental
assessments, as happened last century and still
happens today, can not only damage or destroy
valuable wildlife habitats on heathlands, but also
result in the opposite of the intended outcome:
carbon emissions when planting on organic, wet

O i IR o I
temp water 13% Bare ground/early successional 53%

soils. Carbon sequestration in wood may take years
to compensate for these emissions®.

No single land use management practice will result
in significant carbon sequestration on heathlands,
but various management approaches have other
considerable benefits, for example positive impacts
on heathland biodiversity® or maintaining soil
carbon stocks®?. Research by Thomas et al. (2013)
has found that “strategies focussed solely on
protecting carbon stores were largely inadequate
for protecting biodiversity, but when carbon and
biodiversity value were given joint priorities, up to
90% of both could be protected 5.

1. ASSESSMENT OF THE QUALITY
OF THE EVIDENCE

There has been some research in the last two
decades on the impact of management on the
carbon fluxes of dwarf shrub heath habitats.
However, the information available is still limited.
Studies show a large range of results, a reflection
of the heterogeneity of the habitat as a result of
climate, geography, history, management and
conservation status.

Although the above information can be used
to assess the likely impact of management
interventions in terms of carbon emissions or

sequestration, it is difficult to apply directly to
specific sites. More studies are needed covering
the range of the geographical distribution of
heathlands, particularly more experimental studies
looking at vegetation on different soil types.
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8. CONCLUSION

In summary, NbS in heathland habitats should
primarily aim to retain as much carbon in situ
as possible, and at the same time benefit the
heathlands’ biodiversity. This should include
appropriate heathland management that:

Control the widespread natural growth of trees
and scrub on heathlands to help retain the
existing heathland soil carbon stocks and cater
for heathland species characteristic of open
and diverse vegetation structure. Any removal
of trees must be conducted in a way that

least disturbs the soils to preserve soil carbon
stocks.

Restore heathlands that have changed into
poor-quality grasslands to target heathland
habitat condition to help sequester more
carbon and enhance heathland biodiversity.

Strictly follow good practice (e.g. Heather and
Grass Burning and Muirburn Codes) with
regards to burning of heathland and avoids
burning that could damage organic soil layers
beneath vegetation.

Simultaneously, NbS can also facilitate the
adaptation of heathlands to future climate
scenarios. To capitalise on this, alongside the
recommended management practices above,
management of heathlands should also include:

Blocking artificial drainage present to increase
water retention in heathlands and avoid wet
heaths drying out and releasing more carbon?®.
This has the added public benefit of reducing
the risk of flooding downstream.

Increasing the area, and especially width, of
firebreaks to reduce the risk of catastrophic
wildfires under drought conditions. On sandy
soils, these bare and sparsely-vegetated open
areas will also provide valuable habitat for
many invertebrates?! and notable vertebrate
species such as sand lizards®

Promoting the use by wild or semi-wild
herbivores in heathland areas to prevent
woodland encroachment and biomass
accumulation.

Overall, heathland habitats are important for
specialised biodiversity and, act as important
carbon stores with the potential to facilitate
adaptation to climate change. Therefore,
heathlands should be managed in order to
maximise these co-benefits and to function
effectively as a NbS.
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CASE STUDY 1: UPLAND HEATH RESTORATION UNDER AGRI-ENVIRONMENT AGREEMENTS

AT WINSFORD ALLOTMENT, EXMOOR

The site is a moorland allotment covering 108 ha in South Exmoor Site of Special Scientific Interest
(SSSI). Prior to 1993, it was the subject of an overgrazing investigation due to year-round sheep grazing
and out-wintered cattle. This resulted in high mean stocking rates (SR) (0.33 Livestock Units (LU)/ha in
summer and 0.68 LU/ha in winter) and a short ‘grass-moor’ sward (Photo 1).

]

Photo 1: Aerial photograph of ‘grass-moor’-
dominated Winsford Allotment, June 1992
(ADAS, © Crown copyright®®).

It entered an Environmentally Sensitive Area
(ESA) agreement in 1993 under a moorland
restoration tier. Grazing was reduced to summer
only sheep (0.10 LU/ha) with none in winter.

In 2010, it entered a Higher Level Stewardship
agreement with a revised summer only mixed
sheep and cattle SR range of 0.09-0.15 LU/ha.
The restorable heath area was restricted to c.45
ha on the plateau, with acid grassland, bracken
and scrub grading to woodland on the slopes.
The ESA agreement resulted in restoration of
the plateau to heather-dominated dry and wet
heath over ten years® (Photo 2) with recovery
continuing in 20145.

@~ heather shoots grazed
=@~ heather cover
=@~ heather cover where heather present

\
\
\
N _—
B
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Photo 2: Restored heath on Winsford Allotment
plateau, September 2003 ( © David Glaves).

This was reflected in a rapid decline in the mean
percentage of grazed heather shoots (88% in
1993 to 10% in 1996) and a more gradual overall
increase in heather cover (overall cover from 5%
in 1993 to 35% in 2014 and from 10% to 60% in
quadrats with heather present, Figure 4). Mean
dwarf-shrub height also increased from 5 cm in
1993 to 23 cm by 2003 and 48 cm by 2014. There
were also corresponding increases in bracken
and scrub on the slopes, and in breeding skylark
and linnet numbers. The heath met all dry heath
condition assessment targets in 2014 (in >90

of samples), apart from for number of indicator
species, probably attributable to slow recovery
from the historically high grazing levels.

Figure 4: Change in percentage of heather shoots
grazed and heather cover at Winsford Allotment
plateau 1993-2014. Data from Darlaston & Glaves
(2004) and ADAS & Natural England (2017).

Other moorland restoration work, including
rewetting of wet heath, more widely across
Exmoor has resulted in wider ecosystem service
benefits including reduced storm water flow and
improved water quality in watercourses draining
moorland catchments®. Information regarding
the restoration of peatlands, which is outside the
scope of this chapter, can be found in Chapter 3.
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1. KEY POINTS

1.

Peatlands are the most carbon-dense terrestrial systems globally; they are home to rare
species and support a highly distinctive biodiversity.

Many birds, mammals, invertebrates and plants found in peatlands are specialised to some
degree, and therefore dependent on the existence of these habitats.

The United Kingdom's peatlands contain around 3,000 million tonnes of carbon. However,
much of the UK's 2.6 million hectares of peatland is no longer actively sequestering carbon and
estimates suggest that UK peatlands could be emitting 23 million tonnes of CO,e annually.

It is possible to return a proportion of these degraded areas to peat-accumulating habitats,
through restoration processes, which involves rewetting and revegetation. Improvement of
peatlands in this way is a permitted practice for reducing greenhouse gas emissions (GHGs) in
any national GHG accounting systems, agreed by the International Panel on Climate Change.

Restoration and revegetation can slow the flow of water during some storm events and
regulate catchment water flows during dry periods. Peatlands can also act as a nature-based
solution for improved drinking water quality.

Trade-offs need negotiating between current land-uses and re-establishing and maintaining
peatland ecosystems.



2. INTRODUCTION

Peatland ecosystems are wetland habitats with a
substrate of semi-decomposed organic matter, or
peat. More specifically an area is often considered
to be a peatland if the substrate consists of over
30% organic matter to a depth of greater than 30
cm!?!, Covering almost three million hectares

(ha), existing peatlands make-up around 10% of
the UK land area®*%¢ and consist of three main
types: blanket bog, raised bog and fens®. They are
the most carbon-dense terrestrial systems on the
planet; they are home to rare species and support a
highly distinctive biodiversity. In certain situations,
they can help prevent the flooding of conurbations’
they influence water quality®, and have important
historical and social connections®.

3. CLIMATE CHANGE

There is scope for the UK's peatlands to be used
more widely as nature-based solutions (NbS) to
mitigate and adapt to our changing climate and
help biodiversity to recover. Fundamentally, it is
clear that for the UK's bogs and fens to be utilised
in such environmentally beneficial ways they must
be kept in, or returned to, a healthy ecological
state. They need to be kept wet — because peat
only accumulates and stores carbon in the long-
term because the organic matter is waterlogged

— with appropriate vegetation growing on them,
and the peat they contain must not be lost through
erosion or anthropogenic removal. Although all
peatlands have the potential to be a NbS, the
location of the ecosystem, type, ecological quality
or level of degradation and many other factors will
determine the extent of each benefit and solution.

MITIGATION POTENTIAL

Globally, northern peatlands (north of 45° North'?)
have been estimated to store between 600 and
1,055 billion tonnes'®!! of carbon. This is twice the
amount of carbon stored in the biomass of all the
world’s vegetation combined (including forests)
despite only covering a tenth of the global forested
area'?.

The UK's peatlands contain approximately 3,000
million tonnes of carbon (t.C)'*!. However, much
of the UK's 2.6 million hectares (ha) of peatland

is no longer actively sequestering carbon®!® and
first estimates suggest that UK peatlands could
be emitting 23 million tonnes of carbon dioxide
equivalent (t.CO,e) each year'. Not only is this
equivalent to approximately half the amount
released through the nation's agricultural sector!?/¢,
but emissions from the extensive areas of peat
soil subject to lowland arable agriculture currently
make one of, if not the greatest, contributions to
UK land-use carbon emission?.

This switch from a carbon sink to a source is
mainly due to current and historic damage
inflicted on peatlands through drainage, air
pollution, fire, overgrazing, peat extraction

for fuel and horticulture, and other land-use
pressures'”%18192021 Indeed, only 20% of the UK's
peatlands are considered in a “near-natural”
state??. The remaining 80% have been modified as
a result of past and present management'®®, with
some practices leading to loss or degradation of the
peat ecosystem.

It is possible to return most of these degraded
areas to peat-accumulating habitats through
restoration processes, which involves rewetting
and revegetating. Improvement of peatlands

in this way is a permitted practice for reducing
greenhouse gas emissions (GHGs) in all
national GHG accounting systems agreed by the
International Panel on Climate Change (IPCC)

in 2006, and methods for reporting peatland
emissions and removals were described in detail

[1] It is worth noting that there are a range of definitions of what constitute peatlands and ‘deep peat’ depending on the context.
[2] Based on total UK agricultural GHG emissions of approximately 45 million t.CO2e (Hopkins and Lobley, 2009).
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in the IPCC 2013 Wetland Supplement?. It has
been estimated that peatland restoration can save
between two and 19 t.C/ha/yr depending on the
quality the peatland is restored to?:. The ability of
peatlands to sequester carbon for millennial time-
periods has led to suggestions that they could be at
the forefront of so-called “carbon farming” projects
or new opportunities for sustainable farming on
peat soils — termed ‘paludiculture’?526:27.28.29,

Despite the consistent and rational desire for more
long-term, wide-reaching and interdisciplinary
research on peatland ecology, it is clear the
management of peatlands offer a significant NbS

to tackle rising GHGs. This is both in terms of
minimising their current emissions of high levels of
GHGs, and increasing their carbon sequestration
potential, which although often combined, are two
separate factors.

Programmes such as the Peatland Code (voluntary
certification standard operating in a similar way
to the established Woodland Carbon Code) and
methods for active GHG removal could be utilised
to maximise peatlands’ role. However, financial

4. CLIMATE CHANGE

and training support is needed to enable agencies
and partnerships to develop projects and create
management plans for validation under the
Peatland Code to make them market ready.

In 2020 the Scottish Government announced a
£250 million ten-year funding package to support
the restoration of 250,000 ha of degraded peat

by 2030%. This is a positive step as, to ensure
investment in peatland restoration is not
undermined, land managers need to see policy
reinforcing the view of peatlands as valuable
assets to society. Future public funds (e.g. the £640
million Nature for Climate Fund and subsequently
the Environmental Land Management schemes

in England) should also be made available to
support recovering and healthy peatlands, and
contradictory initiatives that damage peatlands,
such as expanding UK tree cover across peatland
landscapes, should be avoided. See Chapter 10:
Delivering Nature-based Solutions and Chapter 11:
Economic Valuation and Investment Options for
Implementing Nature-based Solutions for further
discussion.

ADAPTATION POTENTIAL

Alongside acting as a major UK carbon store,
peatlands can act as NbS to help adapt to a changing
climate by acting as Natural Flood Management
(NFM) systems. Although more research needs

to be conducted to evaluate the full potential of
peatlands across different catchments, it is clear that
restoring (including the blocking of drainage ditches)
and revegetating (through the re-introduction of
Sphagnum moss) can slow the flow of water during
some storm events®’!. Areas of lowland wetland
that are designed to flood during high river flows
(‘washlands’) have formed part of the hydrological
management of areas such as the East Anglian

Fens for hundreds of years, helping to protect urban
areas and farmland from flooding. The expansion

of these areas, for example as part of restoration or
paludiculture projectst®, could increase resilience to
more extreme flood events in future?.

Peatland ecosystems that are in good condition
are undoubtedly more resilient to climatic changes
because they possess a number of responsive
feedback processes, ranging from alteration of the
peat-forming species composition® to physical
alteration of the peat body?®*34. This helps buffer
many species of peatland wildlife against short- to
medium-term changes. Waterlogged peatlands
dominated by Sphagnum mosses could be a

NbS for reducing damaging and GHG-producing
wildfires, as they are potentially at lower risk of,
and see lower severity and impact from, wildfires
than both damaged, non-vegetated peatlands,

and drier peatlands with a greater vegetative

fuel load. Lower water levels lead to drying out of
surface peat soils, a fuel in itself, and increasing
domination by shrubby vegetation that has much
greater amounts of flammable woody biomass®.

[3] Biomass production on wet peatlands (Tan, Z.D., Lupascu, M. and Wijedasa, L.S. (2021) Paludiculture as a sustainable land use alternative for tropical peatlands: A review.

Science of the Total Environment. 753).
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Some peat-climate models predict that a changing
climate could reduce the climatic resilience of
certain peatland types across the UK. However,
the presence of similar types much further south
in Europe?® suggests that such scenarios are

unlikely in the foreseeable future, although the
models do highlight the urgent need to restore
UK peatlands to good ecological condition in
order to ensure that the necessary mechanisms of
resilience are in place.

9. BIODIVERSITY VALUE

Peatlands are highly valued for their biodiversity,
both at a national level as well as internationally.
Some plant assemblages are better represented
in UK peatlands than anywhere else worldwide?.
The UK Biodiversity Action Plan (UK BAP) lists
upland flushes, fens and swamps, lowland raised
bogs, blanket bog and lowland fens as Priority
Habitats, due to their extent, and their lack of
fragmentation®’¢,

The highly distinctive conditions created by

most UK peatlands (water-logged, acidic, low
nutrient®4°) mean many species of birds (e.g.

the golden plover and hen harrier), mammals,
invertebrates and plants found in them are
specialised to some degree, and therefore
dependent on the existence of these habitats®.
Some of these species are regionally or nationally
rare, such as the large heath butterfly and the
swallowtail butterfly, which feeds on milk parsley
and is restricted to the peatlands of the Norfolk
Broads. Meanwhile peatlands form the main centre
of distributions for all our carnivorous plants —

6. TRADE-OFFS

The pressures facing upland bogs, raised bogs

and lowland fens are different, but all currently
have significant issues requiring agreement over
the trade-off between current land-uses and re-
establishing and maintaining peatland ecosystems.

For instance, the desire to expand the country’s
forest cover to meet Net Zero targets means some
shallow upland peats could be targeted for tree-
planting or forest management, schemes. Planting
on peat that is deeper than 50 cm is now outlawed
under the UK Forestry Standard, but planting on
shallow peat continues, supported by evidence
that these plantations can sequester carbon over
the production cycle if the productivity is high

an adaptation driven by the low nutrient levels
typically available from peat soils — the sundews
(Drosera sp.) in particular being a source of
considerable fascination for Charles Darwin®!.

Active bog is characterised in part by an
abundance of bog moss — Sphagnum® which

has a role in climate change mitigation and
adaptation potential and is extensive across UK
peatlands. Sphagnum is vital to the functioning of
active peatlands and plays a large role in carbon
sequestration, as well as helping moderate water
flow®. Sphagnum-dominated vegetation also
suppresses methane release more effectively than
vegetation dominated by vascular plants®’4? and
therefore,Sphagnum-rich natural peatlands are
likely to be beneficial in tackling climate change.

There is therefore scope for the UK’s peatlands to
be used as a NDbS to not only prevent the decline of
rare and specialised species, but also to enhance
biodiversity through improving or expanding
peatland habitats.

enough. However, modelling suggests that peats
should be avoided altogether to avoid damaging
the soil, and that new plantations should be
created in low-grade agricultural land instead*
(see Chapter 1: Woodlands for further detail).
Aside from potential tree planting initiatives,
there are further pressures on these landscapes
as our upland bog landscapes are targeted for
windfarm developments, whilst sheep farming and
grouse shooting practices can also alter their NbS
capabilities.

There is discussion on the full effects of burning
as a management practice on some peatlands,

in particular upland bogs. Factors such as burn
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intensity, frequency, area covered, vegetation
structure, time of year, and the degradation status of
the peatland all play a part in the resulting changes
to biodiversity and carbon sequestering ability of
the peat following a burning programme. More
studies, taking into account these aspects, need

to be conducted to further understand the impacts
of fire on a range of peatland habitats. However,
the balance of evidence suggests that burn-
management has a negative impact on peat carbon
accumulation, and on this basis burning should be
avoided on peatlands such as blanket bogs.

In the lowlands, the majority of the peatland area
has been converted to agriculture, and while
these areas are large sources of GHGs — and in
some areas now below sea-level as a result of peat
wastage — they also comprise some of the more
important agricultural land in the UK. For example,
the East Anglian Fens hold 50% of the Grade 1
agricultural land in England, contribute an annual
£3 billion to the UK economy and 33% of England’s
fresh vegetables are grown there*t. Developing
these highly productive areas from drained to
sustainably managed, wetland peat soils will have
major implications for their economic uses with a
shift to wetland agriculture. This will change their
contribution to national food supply, which needs
to be factored into wider agricultural planning.
Addressing this acute trade-off represents a major
challenge for future UK peatland management

and is the focus of Defra’s Lowland Agricultural
Peatland Task Force in England.

There are issues in the lowland fens regarding the
expansion of housing and general infrastructure,
leading to disruption of catchment hydrologies

for fen systems. Pressure from groundwater
abstraction schemes leads to loss of groundwater
for fen systems, and nutrient run-off from farming
and urban activities is also a threat.

The realisation of the variety and impact of NbS
provided by healthy peatland ecosystems — in
particular carbon sequestration — will hopefully
support their implementation, potentially with
the aid of initiatives such as the Peatland

Code (discussed further in Chapter 11:
Economic Valuation and Investment Options

for Implementing Nature-based Solutions) and
upcoming changes to agricultural payment
schemes. Unfortunately, restoration and
management practices of peatlands are often not
as visible to the public as activities such as tree
planting or river restoration, and some of the NbS
provided by peats, such as removal and storage
of GHGs, are not immediately obvious. Providing
policymakers with a robust evidence-base and
helping raise public awareness of the importance
of peatlands is therefore essential if rational
decisions on the necessary trade-offs are to be
made.

/. HUMAN WELLBEING VALUE

Peatlands dominate the majority of the UK's
National Parks and they are an integral — though
often largely overlooked - part of the British
countryside - being considered by many as one

of the nation’s few truly “wild” habitats. Indeed
there are around 90 million visits a year to sites
rich in peatlands, with people visiting for a variety
of recreational activities, from the sedate to the
extreme®. Expansive peatland landscapes allow
access to comparative wilderness which can boost
physical and mental wellbeing®.

From a human health perspective, another benefit
to having healthy peatlands is their ability to act
as a NbS for improved drinking water quality.
Around 70% of the UK's drinking water originates
from upland catchments, many of which include

peatland habitat*®4647, Peatlands do naturally
produce water with a high concentration of
dissolved organic carbon (DOC), which requires
treatment to remove. However, water from
peatlands in good condition is often low in most
other solutes, including nutrients, as well as
inorganic sediments and particulate organic carbon
(POC)*. Draining of peatlands tends to further
increase DOC and POC*%°, as well as leading

to the acidification of catchment waters, and
mobilisation of toxic metals formerly locked within
the peat®525354 Water companies must then invest
significant resources and energy in removing
contaminants before the public drinks it* (see Case
Study 3). Nevertheless, compared to many other
water sources, water derived from good condition
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peatlands requires relatively little treatment before
it is deemed potable. Correct management of
peatlands can therefore be beneficial for raw water
quality and treatability*® alongside other human
benefits, such as natural flood management, which
will be increasingly important under a changing
climate.

Aside from this, our peatlands are windows to our
past; both environmentally and culturally. The low
decomposition rates found in peat mean that grains
of pollen, remains of plants and invertebrates, and
even — to a certain degree — DNA, are preserved,
allowing a profiling of ecological conditions over
thousands of years. The same preserving qualities
ensure that peatlands are a treasure trove of
archaeological finds from timbers and pottery, to
fabrics and even human bodies.

Our bogs and fens have also been an inspiration
for countless artists and scholars throughout the
centuries. Peatlands feature regularly throughout
written, spoken and visual media, albeit often
not in a positive light — think of Tolkien’s Dead
Marshes in Lord of the Rings or the Great
Grimpen Mire (an actual place, albeit with a
different name) in Conan Doyle’s Hound of the
Baskervilles. Indeed, peatlands have infiltrated
our very language, again very often with negative
connotations, “she’'s swamped with work”, “I'm
bogged down with this”, yet these places were
once highly revered, with objects of great beauty
and value being placed within the peat as votive
offerings until as late as the Iron Age.

CASE STUDY 1: WELSH PEATLAND SUSTAINABLE MANAGEMENT SCHEME PROJECT

Peatland covers approximately 21% of Wales®
and stores an estimated 196 million tonnes of
carbon®®. Most of this peat is classed as shallow
peat, but >90,000 ha (4.3% of the total land
area) is deep peat (>40cm)%’. Over 70% of Welsh
peatlands are negatively impacted by one or
more land-use activity, and in their current
condition are estimated to emit around 510
thousand t.CO,e/yr. Most of these emissions
(approximately 67 %) are from peatland habitats
converted to extensive or intensive grassland?®,
with a further 17% approximately emitted

from peatlands converted to woodlands and
approximately 15% from peatlands in a semi-

natural condition (Figure 1).

The Welsh Peatland Sustainable Management
Scheme (SMS) project® (2017-2021) aimed to
reduce emissions from peatlands across Wales
through over 670ha of peatland restoration. This
project worked on a range of peatland types
and condition categories, including >165ha of
afforested peat and >500ha of grass-dominated
peatlands across 14 sites in Wales through
works including conifer plantation felling and
invasive scrub removal, erosion gully and
drainage channel blocking; reprofiling bare
peat ‘haggs’ (see Figure 3) plus sustainable
management of sites through introduction

of appropriate grazing management and
addressing conifer re-generation.

Funding is a limiting factor and whilst it is
sometimes available for initial restoration
works, further funding is required to maintain
the recovery trajectories initiated by restoration
and improved delivery of societal benefits

that peatlands in good condition can provide.
Funding for such ongoing management can

be generated through payment for ecosystem
services or carbon finance schemes such as the
Peatland Code, a voluntary certification standard
to market the climate benefits of peatland
restoration. Through ‘validating’ the reduced
carbon emissions at a site over a minimum of
30 years, the carbon that would otherwise have
been lost (had the site not been restored) can
be sold on the voluntary carbon market and
funding generated put towards site maintenance
and management to ensure good quality, well-
functioning peatlands for decades to come. The
Welsh Peatland SMS pioneered and innovated
the use of the Peatland Code in Wales with five
sites ‘validated’.

[4]  Welsh Peatland SMS is a £1 million Wales-wide partnership project funded by the Welsh Government and European Union to help achieve the Ministerial ambition of

bringing all of Wales’ peatlands into sustainable management by 2030.
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Condition of Welsh Peatlands (% Total Area) Figure 1: Summary of peatland condition
in Wales and relative greenhouse gas
. Near-natural condition emissions (CO2, NH4, and N20) from each
) -, condition state. ‘Near-natural condition’
Semi-natural condition .
includes peatlands in poor condition with
Converted to grassland the National Peatland Action Programme
stating “it is estimated that no more
than 10% by area of the near-natural and
. Converted to woodland modified peatland resource is likely to be
in favourable condition”*.
. Peat extraction

Adapted from Evans at al. (2017)'5 % annual GHG emissions from Welsh peatlands

Converted to arable

Figure 2: Distribution of deep peat soils in Wales
(>40cm, purple) and location of Welsh Peatland SMS
Project restoration sites (stars): one is lowland raised
bog site and the remainder upland blanket bogs sites,
including four afforested sites. © Welsh Peatlands
SMS Project

Figure 3: Reprofiling of bare and eroding peat ‘Haggs’ to enable vegetation establishment of these bare peat
‘faces’ and provide protection of the carbon store. Images: © Welsh Peatlands SMS Project
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CASE STUDY 2: NATURAL FLOOD MANAGEMENT BENEFITS OF PEATLAND RESTORATION

The expansive areas of bare peat covering

the headwater catchment areas in the South
Pennine Moors Special Area of Conservation
(SAC) have long been associated with increased

overland flow and flashy response to rain events.

There was a dearth of strong evidence but a
long history of flooding. In 2009 Moors for the
Future Partnership, in collaboration with the
Universities of Manchester, Leeds and Durham,
established a project to test the Natural Flood
Management (NFM) benefits of the ecological
restoration of bare and eroding blanket bog
habitat in the South Pennine Moors SAC.

The ecological restoration method included
blocking deep erosion gullies using timber and
stone dams and the revegetation of bare peat with
a grass crop that provided temporary stabilisation
of the peat mass and subsequent diversification

to a community typical of blanket bogs, supported
through planting Sphagnum mosses, sedges and
species of dwarf shrub (see Figure 4).

Four years after the restoration intervention,
re-vegetation resulted in a 106 % increase in the
time from peak storm rainfall on the peatland
headwater catchment to peak water flows
leaving the same catchment relative to the
control, and a 27% reduction in the peak flows
from the catchment relative to the control®. These
effects persisted in the most extreme rainfall
conditions within the available dataset, albeit at
a reduced level. There was also no change in the
proportion of rainfall leaving the catchment in a

Before !

Figure 4: Before, and short-term recovery; After initial restoration works on blanket bog on the Pennine hills
above Greater Manchester. Revegetating bare peat significantly slows the flow of surface water across, and from,
peatland in this condition, helping to reduce downstream flood risk from storm events. Images: © Moors for the
Future Partnership.
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storm associated with the restoration, indicating
that the post-restoration reductions in peak flow
and associated hydrograph changes are not
attributable to increased catchment storage, but
slowing of water flows.

Water flow velocities are slower through Sphagnum
than through grass/sedge vegetation’. As
Sphagnum becomes established, additional benefits
are likely to be realised and will be evidenced.
Research is ongoing with funding in place to
continue until 2021, nine years post stabilisation
and six years after Sphagnum application.

Links:

= Moors for the Future Partnership: Making Space for Water
Project

University of Manchester: NERC Protect Project
https://protectnfm.com/about/
Environment Agency: Working with natural processes to
reduce flood risk
1 . ] blicati leng-
Working with Natural Processes — Evidence Directory
[See: Headwater drainage management — link to a Moors
for Future Partnership case study]
h :// . lishing.service.gov.uk/government/

1 /. m/upl /. hmen /file/681411/
Working with natural pr viden ir Iy.

TUCN UK Peatland Programme Commission of Enquiry:
Peatlands and Natural Flood Management

Fimarn
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CASE STUDY 3: PEATLANDS IN NORTHERN IRELAND: GARRON PLATEAU

Approximately 12% of the land area of Northern
Ireland is covered by peatland®®. However, even
within designated sites, much of Northern
Ireland’s peatlands are in unfavourable
condition® and only as little as 1% has been
restored in the past 30 years®.

The Garron Plateau in County Antrim is the
largest area of blanket bog in Northern Ireland
at 4,650 hectares® and supports a number of
rare and notable plant and animal species®,
including priority species like hen harriers and
merlins®. It is designated as a Special Area of
Conservation and an Area of Special Scientific
Interest (ASSI)**¢! due to the presence of blanket
bog, lakes and fens among other features.
Additionally, this landscape also provides
drinking water for almost 12,000 homes and
businesses in the local vicinity®°.

Historically this bog was drained and overgrazed
which led to a fall in the water table, drying of the
peatlands and erosion®. Among other problems,

Image 1: Garron Plateau. Image: © Darren Houston.
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Northern Ireland Water (NIW) have since
invested in restoring the site condition. Through
the Cooperation Across Biodiversity Borders
project, NIW have worked in partnership with
the Northern Ireland Environment Agency and
RSPB NI to undertake a variety of restoration
activities to improve the site condition for
nature, sequester carbon and improve water
quality.

This work included reducing grazing densities®
and installing over 1,000 peat, wooden and
stone dams to block drains at the Garron
Plateau. The project has helped restore

natural hydrological conditions and promote

the colonisation by Sphagnum moss®, a core
component of a functioning bog, and as the
habitat is restored, a range of other plants and
animals will benefit®®. Furthermore, as a result
of this project, emissions of 1,992 tonnes of CO,e
annually will be avoided®. There has also been
an improvement in the raw water quality coming
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1. KEY POINTS

1. Over 40% of land cover in the United Kingdom (UK) is grassland. Currently, only 2% of the UK's
grassland cover comprises of biodiverse carbon rich semi-natural grassland. Protecting this
grassland is of high importance for biodiversity and avoided emissions.

2. Acid grasslands, predominantly found in the uplands, contain around 30% more soil carbon
per unit area than other grassland types. Neutral (semi-improved) grasslands, richer in species
than improved grasslands also contain marginally more soil carbon in the top 15cm of soil.
Maintaining and improving species diversity in neutral grassland is critical for mitigating
greenhouse gas (GHG) emissions and increasing wider biodiversity.

3. Restoring permanent grassland via reversion from improved grassland or arable land, including
the restoration of wet or chalk grasslands as part of a varied mosaic style landscape, can
positively impact biodiversity and reduce GHG emissions. For example, figures from the UK Land
Use, Land Use Change and Forestry (LULUCF) GHG inventory indicate that conversion of arable
land to grassland has the potential for removing 8.72 million tonnes of carbon dioxide (CO,) per
hectare per year (t.CO,/ha/yr) across the UK." In contrast, conversion of grassland to arable land
can result in net emissions of 14.29 megatons (Mt.CO,e/ha/yr)".

4. Further research is needed to identify optimal sward composition, structure and associated
grazing practices for GHG mitigation and enhanced grassland biodiversity which fit with
production needs on intensively managed grassland. Continuous set stocking may result in
reduced carbon sequestration and biodiversity and associated impacts on ecosystem services,
including water-holding capacity.

5. Some types of grassland may be suitable for carefully selected tree planting with native
species, e.g. for agroforestry or wood pasture. Agroforestry has the potential to mitigate
climate change through increased carbon sequestration in vegetation and soils, storing up
to 63 tonnes of carbon per hectare in temperate regions.? However, a good understanding of
site characteristics including vegetation communities, soil carbon at depth and hydrology is
essential to avoid perverse outcomes.

6. As well as decreasing animal numbers overall, grazing by a diverse range of animals (e.g.
sheep, cattle, horse, goats, alpaca) on the same pastures can also have positive effects on
grassland sward diversity and resultant GHG emissions®. Shifts in grazing patterns, for
example the adoption of rotational or mixed grazing, can also reduce emissions compared to
continuous grazing*.
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2. INTRODUCTION

Effectively managed healthy grassland ecosystems
can provide vital environmental, social, cultural
and economic benefits®®’. Grassland covers
almost 40% of the UK land area®® and is generally
classified into lowland (below 350m) and upland
types!. The lowlands tend to be drier and less
exposed than the generally wetter and cooler
uplands'®. Grasslands vary from intensively
managed agriculturally improved grasslands and
arable leys in lowland agricultural areas, through
a range of semi-improved grasslands (usually
ploughed and sown at some stage) to semi-natural
grasslands on neutral, acidic and calcareous soils.
Grazing pastures tend to be significant for both
food production and the ecosystem functions and
services which they provide, whilst meadows

are primarily associated with production of the
latter'*'2. Grasslands that are not cultivated and
re-sown within five to seven years or more are
generally defined as permanent grassland; those
that are cultivated within this period are classified
as temporary grassland!®!4.

Grasslands in the UK are almost entirely under
agricultural management. Therefore the future
design of Environmental Land Management
Schemes (ELMS) (as currently being tested and
trialled in England) and other devolved nations
agri-environment schemes® ¢, which will replace
the Common Agricultural Policy (CAP) will play

a crucial role in deciding the extent to which
grasslands can fulfil their potential as nature-based
solutions (NbS).

The future provision of ecosystem services®

and public goods from grasslands needs to be
addressed through appropriate management
interventions. Where possible this will create win-
wins for both food production and the provision of
wider public goods. The following sections focus
on human wellbeing, the biodiversity value of
grasslands and practices that can help to address
issues affecting climate change mitigation and
adaptation, whilst ensuring effective management
and maintaining food production.

3. HUMAN WELLBEING VALUE

Semi-natural grasslands are of significant cultural
importance for the UKY. They cover such a large
extent of our landscape, including areas of key
importance for human access such as our National
Parks'?. Twenty eight percent of UK National Parks
and Areas of Outstanding Natural Beauty (AONB)
consist of semi-natural grasslands'®. For example,
the North Pennines in England which contain 40%
of the UKs upland hay meadows. Grassland can
deliver cultural, biodiversity and climate benefits
for a region. For example, County Fermanagh in
Northern Ireland has semi-natural, species rich
wet grassland concentrated in the area, but is not
designated as an AONB or National Park!®2°,

Grassland characterises many UK landscapes.
For example, UNESCO world heritage sites and
extensive areas of the Lake District?!. National
Parks are rated as important for human wellbeing
by the UK public?’. However, they are often
criticised for failing biodiversity. This can be due

to high visitor numbers and management practices
and policies that focus on cultural landscape
value®*?*. Despite sometimes damaging practices,
like sheep overgrazing?®, grasslands remain
important habitats for biodiversity. For example,
they provide breeding sites for wading birds, such
as Curlews which are in decline across the UK?5:%7,
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Key human needs derived from healthy UK grasslands

= Food
= Health (mental and physical)
= Climate regulation

= Water regulation

Provisioning Services
= Food

= Genetic resource
Regulating Services

= Pollination

= Waste

= Climate

Site Characteristics

= Soil type = Protection
= Altitude = Restoration
= Latitude = Management

Diagram 1: Human wellbeing derived from nature-based solutions
and the ecosystem services provided by grassland systems.?

Ecosystem
Services

Nature-based solutions

} Socio-economic goods

Cultural services + Value
= Education value

= Recreational value

= Cultural Heritage
Supporting Services

= Water cycling

= Nutrient cycling

Environmental Drivers

= Previous land use
e.g. degradation of bog/heath
to acid grassland or excessive
fertilser use)

= Climate change

= Land Use change
(e.g. vegetable/fruit
production)

= Disease (plant, animal human)

4. BIODIVERSITY VALUE

There was an estimated 97% loss of enclosed semi-
natural grasslands in England and Wales between
1930 and 1984, with only 2% of the remaining UK's
current grassland area considered to have a high
diversity'?. In lowland meadows and pastures up
to 35 or more plant species may occur in a 2m x 2m
sample, including a range of grasses and herbs,
e.g., Knapweed (Centaurea nigra) and Bird’'s-foot
trefoil (Lotus corniculatus) and in some meadows,
rarer species like Snake's Head Fritillary (Fritillaria
meleagris)'®?. Well established lowland meadows
provide excellent habitat for invertebrates, such as
butterflies and other pollinating species, which has
a direct value for food security®.

Grasslands also provide important habitats for
many British fungi that provide decomposition

benefits for the s0il®"%2. Many species of fungi
thrive in nutrient poor semi-natural grasslands.
The UK’'s Waxcap mushroom species are
dependent on grasslands in Wales, Scotland

and Northern Ireland in particular®?3432, Many of
these high value semi-natural grasslands are now
under protection from conservation charities or
within national nature reserves where they may
be managed by conservation grazing under agri-
environment schemes. There are also 122 endemic
vascular plant species in Britain that rely on
grasslands for their habitat®®.

Semi-improved and improved grasslands tend to
be less biodiverse than semi-natural grassland,
largely due to management influences including
ploughing and sowing with productive species,
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the use of fertilisers (organic and mineral) and
intensive grazing management®¢*’. However, their
extent means that they remain important habitats
for many of our common species. For example, they
provide crucial feeding areas for wintering birds
such as Fieldfare (Turdus pilaris), Redwing (T.
iliacus) and other farmland birds!®?’.

While the UK'’s ‘landscape designations’ (such as
National Parks and AONBs) contain a significant
proportion of the UK’s upland grasslands, many are
not designated specifically for nature conservation
and do not necessarily contain high amounts of

9. CLIMATE CHANGE

biodiversity. They do remain important for carbon
storage a high percentage of UK carbon stock is
located within our soils’. Designated landscapes
may include high concentrations of sites
designated for nature within them, such as Sites of
Special Scientific Interest (SSSI) or Areas of Special
Scientific Interest (ASSI). However, these are often
in poorer condition, in terms of biodiversity, than
SSSIs in the countryside outside of designated
landscapes®?3, For grasslands this has in many
cases been attributed to overgrazing.

MITIGATION POTENTIAL

9.1 RETAINING PERMANENT
GRASSLAND IN SITU

Grasslands store carbon below ground and due
to their large coverage they hold a considerable
proportion of the UK carbon stock. Acid
grasslands, predominantly found in the uplands,
contain almost four times as much soil carbon in
the top 15cm of soil than other grassland types.
However they are considerably less dense than
either neutral (semi-improved), or improved
grasslands resulting in stocks of soil carbon being
around 30% higher in acid grassland. Neutral or
semi-improved grasslands contain around 15-20%
more soil carbon than improved grasslands in

the top 15cm. However they are also less dense
leading to only marginally higher soil carbon per
unit area on neutral grasslands®. The UK Land
Cover Change product for 1990-2015 shows losses
of 7668km? of grassland across the UK over that
time period.* Whilst the definition used to assess
this change is broad (due to use of satellite data),
this loss of grassland is of concern, particularly
where grassland is being lost to less carbon rich
arable or urban areas.

Whilst we still do not fully understand the processes
involved in carbon storage and sequestration at
depth, we know that habitat loss can lead to GHG
emissions. For example, protecting permanent

grassland from conversion to croplands strongly
mitigates against the loss of soil carbon®. Similarly,
reducing the incidences and/or frequency of
ploughing-tilling and reseeding on improved
grasslands could impact significantly on soil carbon
stocks and overall GHG emissions.*! In contrast,
the conversion of croplands to more permanent
grasslands can enhance soil carbon sequestration®?.

Different estimates of habitat loss across the period
from 1930 to 2016 indicate that up to 97% of semi-
natural grassland has been lost®, that it remains
in significant decline in some areas! and is highly
fragmented everywhere. Habitat losses for semi-
natural grassland are considered to be more likely
to be significant for diminishing carbon stocks
than management factors4*. A small proportion
of semi-natural grasslands may now be owned
and managed for conservation, e.g Chinnor Hill
owned and managed by the Wildlife Trusts, and
maintenance and protection of these biodiverse,
carbon-storing habitats continues to be of key
importance. Similarly, grasslands that have a high
carbon stock (but may not necessarily be species
rich), including acid grassland in upland areas

on peat soils, should also be protected (or where
appropriate, restored to former bog habitat) and
soil disturbance minimised.

Traditional management of semi-improved/

improved grassland, including ploughing and
re-seeding every five to eight years with simple
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species mixes (and more frequently than that for
leys on arable land), results in net losses of soil
carbon'®7 Shallow rooting depths of sown species
(e.g. annual ryegrass (Lolium perenne) and white
clover (Trifolium repens))*+¢ constrain soil carbon
and have low levels of species diversity. This
management model was targeted primarily at
increasing productivity, with grass (usually Lolium
perenne) as the main crop species. They are often
enhanced by nutrient inputs, which themselves
affect GHG mitigation through N,0 emissions,

the fertiliser manufacturing process and their
application. This management model also reduces
the diversity of species that are present.*’

Organic inputs like slurry and mineral fertilisers
and, to a lesser extent, farmyard manure (FYM),
can significantly increase soil CO, and N,O
emissions (although FYM may also constitute

a significant carbon input). The effect is highly
dependent on the fertiliser used and the timing
and type of application. Increasing soil pH through
liming can reduce N,O production, as production is
higher in acidic grassland soils generally*.

In addition to emissions of GHG pollutants from
agricultural grasslands, losses of phosphorus (P) and
nitrogen (N) due to fertiliser application and, for P in
particular, nutrient rich animal waste, remain a key
source of diffuse pollution in UK water bodies*. A
shift away from traditional ploughing and reseeding
practices and associated nutrient management
practices, towards practices using more diverse
permanent pastures which require lower levels of
nutrients, would better enable grasslands to fulfil
their potential as an NbS for climate mitigation

and biodiversity enhancement. It is however, very
important to establish whether there would be a
the trade-off between food production and a focus
on public goods that would result from such a
management change.

An additional pressure on grassland is tree
planting. The UK Land Cover Change product for
1990-2015 indicated that whilst open grassland
habitats decreased over that time period,
woodland increased®. Going forward, most of
the land identified as suitable for tree planting in
the UK is grassland® *2. Tree planting may have
significant impacts on all grassland types from
improved grassland to grassland habitats protected
by law for their ecological, scientific, scenic, or
cultural value®. Some evidence suggests that

planting trees on grassland can have temporary
negative impacts on soil carbon®. This is because
site preparation for planting trees releases carbon
from the soil®. This initially creates a “carbon
debt” which may be small, but needs to be repaid
before it can deliver any climate benefit®®. Whilst
afforestation is effective at sequestering carbon,
impacts are likely to be complex and dependent on
a range of interacting factors including soil type,
grassland type and management. It can also be
dependent on how the trees are planted and what
species they are. Similarly, tree planting for climate
change mitigation may have positive or negative
impacts on biodiversity depending on the above
factors and habitat context. While the introduction
of trees into pastureland (silvopasture) is likely to
be positive for biodiversity®®, outcomes are highly
dependent on the starting point of the pasture,
with tree planting on species rich semi-natural
grasslands likely to be highly damaging to the
biodiversity of this now uncommon habitat.

9.2 GRAZING MANAGEMENT

Grazing ruminants on grassland contribute to
GHG through the production of methane (CH,)
emissions, primarily from belching (as a result
of enteric fermentation) and excreta as well as
through the management of the grassland on
which they graze®’. Semi-natural grasslands
are generally associated with lower methane
and nitrous oxide emissions than agriculturally
improved grasslands due to lower stocking
densities and inputs.

Appropriate management of grazing animals

and the grasslands on which they graze can

help to maximise the climate change mitigation
potential of UK grasslands. As well as reducing the
incidences and/or frequency of ploughing-tilling,
reseeding and fertilizer use (above), reductions

in the numbers of animals and grazing pressure
may help to reduce overall GHG emissions from
grasslands®. As well as decreasing animal
numbers overall, grazing by a diverse range of
animals (e.g. sheep, cattle, horse, goats, alpaca) on
the same pastures can also have positive effects
on grassland sward diversity and resultant GHG
emissions®. Shifts in grazing patterns, for example
the adoption of rotational or mixed grazing, can
also reduce emissions compared to continuous
grazing*.
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‘Mob grazing’, is a type of grazing management
that is attracting a lot of attention in some farming
circles, for example, one of the Innovative Farmers
groups currently being run by the Soil Association
is focused on it. Whilst it is used across a variety
of approaches (often with other descriptors),

it generally refers to short term, high density
grazing which may or may not occur on tall grass
but always includes a long recovery time for the
pasture to re-grow (both above and below ground)
and may result in some trampling of the pasture.

Its use is based on adopting grazing patterns that

6. CLIMATE CHANGE

mimic herd grazing patterns in nature. It has been
used under various conditions and on both arable
land and rangeland, with evidence from some parts
of the world indicating positive benefits for soil
health, soil carbon, and plant diversity as well as
animal productivity®*°. Despite this evidence, as it
is a relatively novel practice in the UK, our data set
is limited, particularly in terms of understanding
potential additional long-term benefits for soil
carbon (C) and soil health in comparison to current
UK grazing management practices. Hence, more
research in this area is required.

ADAPTATION POTENTIAL

Grassland soils absorb and filter water, cycle
nutrients and store carbon on a large scale!36!
making them a potentially valuable NbS for climate
mitigation and adaptation lower density extensive
grazing can increase water infiltration rates and
reduce flood risks by avoiding soil compaction®63,
Grasslands can provide resilience to extreme
weather events. For example, chalk grassland

can act as a natural buffer to reduce the likely
impact of flooding. Grassland can also provide
naturally functioning floodplains that can evolve
into new wetland habitats and allow for greater
water storage®. There is evidence that land use
change from grassland to wetland can result in
sequestration of 2.39 to 14.30 t.CO,/ha/yr".

Ecological restoration of grassland sward plant
diversity could offer a valuable means to increase
the adaptive capacity of UK grasslands to a

1. CHALLENGES

Only 2% of the biodiverse and carbon rich semi-
natural grassland that was present in the UK a
century ago remains; protecting this grassland
is a key priority. Two thirds of UK grassland

is intensively managed for agricultural use®.
Going forward, one of the challenges will be
rethinking grassland management practices for

changing climate’’. The introduction of native
species mixtures that include legumes has also been
shown to benefit soil carbon sequestration’’%7 and
to reduce the need for syntheticnitrogen fertilisers.
However, the capacity of UK grasslands to naturally
adapt to climate change through increasing in
species diversity is severely limited by the presence
and connectivity of habitats including suitable
species in the wider landscape.

Although the variety of grasslands across the UK
provides some resilience to environmental drivers,
some grassland types, may be more sensitive than
others, e.g. hay meadows in the uplands, which
may be particularly sensitive to climatic change’’.
These meadows may adapt to climate change by
transitioning to less notable habitats, but even as
wetter grassland they will remain important for
carbon and water storage.

the maintenance and enhancement of biodiversity,
carbon storage and sequestration, alongside food
production. This will include consideration of
management practices which affect the production,
maintenance and long-term use (grazing, hay,
silage) of a productive biodiverse grass sward
whilst avoiding excess carbon loss (e.g., ploughing,
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CASE STUDY 1: FLOODPLAIN MEADOWS DELIVERING NBS®<,

Floodplain meadows are a beautiful and ancient
agricultural system that has evolved over many
hundreds of years through an annual hay cut
followed by aftermath grazing. The result of
such management has been the development
of communities of grasses and herbs that thrive
with the flood and drought cycles on floodplains

than against it. Floodplain meadows hold one of
the UK's most diverse plant communities, with
up to 40 plant species m?. The Natural Capital

of Floodplains (2018)¢” argues that the value of
the benefits provided by seasonally inundated
floodplain meadows far outweigh those provided
by land in intensive agriculture.

From left to right: Floodplain meadows at work © Irina Tatarenko, Belted galloways Clattinger Farm ©
Mike Dodd and Yarnton meadow Oxfordshire, species rich grassland © Mike Dodd

Floodplain meadows regulate flood events by
providing space outside the river channel for
floodwater to occupy. They capture sediment,
absorb nutrients and filter water, whilst also
delivering sustainable agricultural production
with minimal inputs, and constituting a rich
cultural resource. Their alluvial soils are
particularly important for carbon sequestration
because they grow deeper with each flood
event®. In this respect they are probably second
only to peat soils in the UK in their ability to store
carbon. Organic carbon within the top 10 cm of
soil at North Meadow Cricklade (a species-rich

seeding, inputs).

Another challenge for grassland management

is the research needed to assist in transforming
grassland management. Lack of understanding
about the processes leading to carbon storage at
depth, its relationship with biodiversity above
and below ground and how it is affected by field
management practices needs to be addressed.
Gaining a better understanding of these processes
and how they relate to food production (both
quantity and quality”®), preferably alongside
farmers, will help to determine appropriate land
management practices in relation to mitigating
or reversing biodiversity loss and climate change
impacts. For grassland in areas of particular

floodplain meadow) was observed to be 0.11 tC/
yr® values much higher than those previously
reported for neutral grassland and extensively
managed grasslands in a survey of grassland
soil carbon®44. The deep rooting strategies and
diversity of plants and roots are the keys for
carbon storage. Recently published research
Tilman 20197° comparing carbon storage between
species poor swards and species-rich grasslands
restored from species- poor swards show that
higher species-richness increases the rate of
carbon sequestration in grassland communities.

cultural interest (e.g., for tourism, recreation

and inspiration), such as the National Parks and
AONRB'’s, there is a challenge around how to
enhance biodiversity and carbon storage whilst
continuing to maintain and enhance these cultural
ecosystem services which result in vital income for
many of these areas, e.g., maintaining profitable
livestock enterprises.

Common sense would suggest that grassland with
low carbon stocks and biodiversity both above and
below ground is the best land on which to plant
trees. Some research on approaches to planting
trees on or around grassland for maximising
grassland and biodiversity, whilst enhancing

or minimising agricultural outputs, is already

british ecological society.org

69


http://www.britishecologicalsociety.org

available’®. However, to mainstream these and
other practices it is likely to be important to work
with land managers to gather further evidence
across a range of approaches and locations and
to understand how to encourage and motivate
farmers to take up novel practices. Tree planting
on carbon and biodiversity rich grassland or

on ecologically important wetlands should be
avoided to avoid carbon and biodiversity loss;
an understanding of site history and ecology is
therefore crucial.
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1. KEY POINTS

1.

Arable land is under very active management and therefore it offers many opportunities to
introduce nature-based solutions (NbS) that enhance natural capital. The UK is at a pivotal
moment in the future design of our agricultural systems, as new agricultural policies will have
to be designed outside the EU Common Agricultural Policy.

Hedgerows are already a very important NbS in arable landscapes, with current estimated
stocks of up to 100 tonnes of carbon per hectare (t.C/ha) in established hedge networks.
Planting of hedges and hedgerow trees along with rejuvenation of hedges through placing
them back in management cycles are a low trade-off option for addressing climate change and
enhancing biodiversity in arable systems.

Field margins that are taken out of production benefit wildlife, leading to increased numbers
of many wild species, including those that deliver important ecosystem services such as
pollination and pest regulation. Soil carbon is 37% higher in soil beneath a grass margin than
beneath an annual crop. Field margins can also prevent erosion and water pollution.

Conservation biological control, or natural pest regulation, has the potential to reduce the
need for pesticide use, which could help reduce the approximate 8,300 tonnes carbon dioxide
equivalent (CO,e)™ involved in the manufacturing of pesticides.

Agroforestry has the potential to mitigate climate change through increased carbon
sequestration in vegetation and soils (up to 63 t.C/ha in temperate regions). It can also
improve the climate change resilience of arable landscapes whilst increasing biodiversity and
wider landscape diversity.

Further research is required to fully understand the benefits of conservation biological control,
cover crops and intercropping in terms of climate mitigation and biodiversity.

(1]

CO,e is used to compare the emissions from various greenhouse gases based upon their 100 year global warming potential (Organisation for Economic Co-operation and
Development (OECD), Glossary of Statistical Terms, https://stats.oecd.org/glossary/detail.asp?ID=285, 2013)


http://www.britishecologicalsociety.org
https://stats.oecd.org/glossary/detail.asp?ID=285

2. INTRODUCTION

Arable farming accounts for 26% of the 19

million hectares (ha) of agricultural land in the
United Kingdom (cereals 17%, other arable 8%,
horticulture 1%)!. Changing diets as a consequence
of increased environmental and animal welfare
awareness will require expansion of cropland if

we want to increase UK production and avoid
offshoring greenhouse gas emissions (GHGs)?.

Arable land is under very active management,

and therefore it offers many opportunities to
introduce solutions that enhance natural capital
and provide public goods whilst maintaining food
production. Across the UK we are at a pivotal
moment in the future design of our agricultural
policies (e.g. through the Environmental Land
Management (ELMs) scheme in England, GLASTIR
in Wales, The Agricultural Transformation
Programme in Scotland and Northern Ireland’s
Environmental Farming Scheme (EFS)) as the
government channels agricultural subsidies of the
EU Common Agricultural Policy away from an area
managed approach towards supporting increased
environmental benefits.

Whilst there is a range of research on the economic
costs and benefits of enhancing degraded
agricultural land for wildlife, the results are varied
and generalisable information that can be scaled
up is not readily available. The present value of the
overall benefits expected from agri-environment

3. CLIMATE CHANGE

measures in lowland England was estimated to
be £12 billion over 50 years, based on the costs of
reducing livestock on grassland, improving former
hedgerows and creating pollinator strips®.

Most recent studies indicate that arable agriculture
is responsible for significant GHGs both on and

off farm. For example, GHGs are released due to
arable soil management which include nitrous
oxide (N,O) from fertiliser use and, methane (CH,)
from ruminant livestock and manure used in mixed
arable systems, as well as carbon released due to
draining waterlogged soils such as lowland fens*®®.
This needs to be balanced against the potential to
close nutrient loops in mixed systems. Biodiversity
is profoundly impacted by arable farming with
significant reductions in farmland birds, insects and
wildflowers’. For example, the UK Farmland Bird
Indicator has decreased by 48% since 19708 and
declines in insects have been linked to agricultural
practices and land use changes®. However, some
studies (e.g. Macgregor et al., 2019'°) do indicate a
more variability than a steady decline in biomass so
this is an area which needs further investigation.

The following sections highlight nature-based
solutions (NbS) that have capacity to sequester
and store carbon, increase resilience of agricultural
systems to climate change and improve
biodiversity, whilst maintaining food production.

MITIGATION POTENTIAL

This section describes the potential for NbS in
arable landscapes to contribute to climate change
mitigation through either directly sequestering
and storing carbon or indirectly reducing the need
for practices that generate GHGs (e.g. pesticide
manufacturing).

3.1 HEDGEROWS

Hedgerows are an important NbS, which play

a key role in carbon sequestration and storage

in arable landscapes!''?13, Above ground, uncut
shrubby hedges may accumulate around 1.8
tonnes of carbon dioxide per hectare per year
(t.CO,/ha/yr), while tree lines may accumulate
more than 11 t.CO,/ha/yr'4. For established hedge
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networks, evidence from Britain, Germany and
France suggests that hedges may store roughly
100 t.C/ha, although this will vary considerably
according to hedge structure, woody species and
age'. Below ground, both shrubby hedges and
tree lines may sequester 1.8 t.CO,/ha/yr'. A meta-
analysis of data from 60 studies found that soil
carbon stocks are 22% higher under hedgerows
and 6% higher next to the hedgerow than in fields
without hedgerows?’. The re-establishment and
maintenance of hedgerows was estimated to cost
£7,000 per kilometre and have a present value of
up to £1 billion?.

3.2. HERBACEQUS
FIELD MARGINS

Field margins are usually two to six metres wide
and can be implemented for a variety of reasons
including for soil and water conservation and
support for pollinators, or general biodiversity
support!®. They can be managed in many ways,
including as annually cut grass margins, margins
sown with perennial flowering plants, or simply
left to naturally regenerate. Margins may also be
sown with annual flowering plants or be cultivated
annually, but these are not discussed here. It is
important to note that field margins should be
managed as permanent features to retain their
sequestered carbon, unless a no-till approach is
followed which avoids disturbing the soil.

Grassy field margins alongside annual crops have
37% higher soil carbon in the upper 30 cm soil
layer, compared to arable fields without a grass
margin'’. This effect is partly due to increased
plant cover and diversity. Studies in temperate
grassland show that increasing plant species
diversity increases soil organic matter'®20.21.22,
Deep rooting herbaceous plants such as tall herbs
reduce carbon loss from deeper soils?' and carbon
accumulation increases over time both near the
surface and deeper in the soil profile during
grassland restoration??.

Perennial vegetative strips, such as riparian buffer
strips or strips alongside other water courses,

can reduce soil erosion by filtering sediment

and stabilising soils?®. This may contribute to
climate change mitigation directly through carbon

sequestration, and indirectly by regulating water
flows within and around arable fields, as well as by
influencing nitrogen and phosphorus movement.

Minimising soil cultivation in field margins can
improve the diversity of soil macrofauna? and
thereby potentially enhance soil resilience. The
balance of the soil community is also important
with regards to the climate mitigation potential of
field margins, as soil biota are both involved with
decomposition processes and the release of GHGs,
as well as with the formation of soil organic matter
and carbon sequestration®. The overall impact

of biota on GHGs cannot yet be quantified, and
therefore further research is needed to establish
their effectiveness to act as a NbS for climate
change mitigation.

3.3. CONSERVATION
BIOLOGICAL CONTROL

Pesticides, along with plant breeding, are the
main methods of pest and pathogen control in

the UK arable sector. Pesticides have allowed
farms to create simplified landscapes which
would otherwise be too vulnerable to pests and
pathogens. Unfortunately, while easier to manage
when optimising for labour inputs per hectare,
these simplified landscapes miss the benefits
associated with diverse landscapes through the
application of conservation biological control
(control of agricultural pests, including insects,
plant pathogens and weeds, using naturally-
occurring organisms in the agricultural ecosystem).
Potential benefits of conservation biological
control can include yield gains’>7¢ and a reduced
requirement for pesticides’, indirectly reducing
the GHGs associated with pesticide manufacturing
(approximately 8,300 tonnes CO,e!?) which are
about 9% of the total associated with UK arable
crop production?. However, these benefits are not
found in every circumstance and more research is
needed.

3.4. AGROFORESTRY

Agroforestry is a NbS which integrates trees
and shrubs into agricultural systems. It is not
widely practiced in the UK. Farm woodlands

[2]  Calculation based on: 0.493 kg CO2 emissions to air from average pesticide manufacture (Ecoinvent 3.6 dataset documentation) and the 16,900t of pesticide used in 2016
(https://secure.fera.defra.gov.uk/pusstats/myresults.cfm) against total 45.4 MtCO2e for UK Agriculture in 2018 (https://assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/862887/2018_Final_greenhouse_gas_emissions_statistical_release.pdf)
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outside of the cropped area are more common
than systems where trees are integrated into the
arable land, although there are notable pioneering
examples of agroforestry such as at Whitehall
Farm in Cambridgeshire and Parkhill Farm in

Fife. Integrated agroforestry systems generally
comprise parallel rows of trees or shrubs, with
strips of varying width of arable land in between.
The choice of trees and crops depends on the local
environment. Trees are selected for their economic
value, particularly provided by fruits and timber.
Crucially, trees also bring value to the arable land
through protection against soil erosion, effective
utilisation of nutrients via roots and leaf fall and
microclimate benefits?’.

The mitigation benefits accrue from the carbon
sequestration by the tree component of the system,
along with factors like better soil conservation and
increased soil organic matter leading to greater
carbon storage. Although much of the research
evidence for agroforestry derived carbon benefits
relate to non-temperate systems, in temperate
regions it has been shown that soil carbon in
arable land increases with the presence of rows

of trees, likely due to the input of tree litter?s. The
average carbon storage by agroforestry systems
has been estimated at up to 63 t.C/ha in temperate
regions?. Trees alongside water courses, can have
similar benefits to herbaceous riparian buffer strips
preventing erosion and pesticide run off*°.

3.5. COVER CROPPING,
INTERCROPPING
AND LEGUMES

A reasonable amount of evidence exists about

the impact of cover crops usage in agriculture on
GHGs. The data available for intercropping is more
equivocal and less certain.

For cover crops there is good agreement among
studies that cover crops (crops that are planted to
improve soil health between harvests) increase soil
organic carbon sequestration3!%23334 For example,
Abdalla et al. (2019) showed that cover crops

(both leguminous and non-leguminous species)
increased soil carbon storage®. However, there is
more variation on the effect of cover crops on the
direct emission of GHGs, especially carbon dioxide
(CO,) and N, O, and further research is needed to

increase understanding. A review of cover crop
impacts on GHGs reported they could sequester 1
to 1.5 t.CO,e/ha/yr, which is higher than mitigation
from transitioning to no-till. The surface albedo
change due to cover cropping may mitigate a
further 0.12 to 0.46 t.CO,e/ha/yr®.

Other potentially important considerations are
the management of cover crop residues, tillage
regime, water status and input, species used,
biome and soil type?®*343, Furthermore, short-
term legume fallows (for two to three years) can
be used to reduce soil carbon losses and reduce
pesticide use in following crops, so have the
potential to indirectly reduce GHGs via reducing
the requirement for pesticide manufacturing?.

The limited amount of data available for
intercropping (cultivating two or more crops on the
same field at the same time) show mixed results
regarding GHGs.

Whilst the majority of information on cover crops
comes from annual cash crops, information on
intercropping derives from both agroforestry
systems and from annual cash crops. There is some
evidence that the benefits of intercropping come
from improved nitrogen use efficiency, especially
when legumes and non-legumes are mixed®’,
and the potential for reduced fertiliser inputs if
legumes are used®. However more evidence is
required across globally distributed sites to draw
clear conclusions.

In summary, the use of cover crops and
intercropping as a NbS could deliver benefits in
terms of climate change mitigation but further
research is required to understand best practice to
optimise these agricultural methods.
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4. CLIMATE CHANGE

ADAPTATION POTENTIAL

NDbS can be adopted in arable landscapes to
increase our resilience to the impacts of climate
change (e.g. increased likelihood of flooding
events) and help future-proof our agricultural
systems. This section outlines some of the key NbS
to help deliver adaptation benefits.

4.1. HEDGEROWS

As well as storing organic carbon, soils under
hedgerows also promote water infiltration and
storing of runoff water, which is important for both
mitigating the impacts of flooding and improving
water storage in soil in a changing climate®°.
Hedgerows also prevent pollution and soil erosion,
intercepting nitrogen from the surface and
subsurface water flow, and phosphorus and soil
sediment from the surface water flow?’.

Hedgerows may provide landscape connectivity
which enables dispersal opportunities for species
across the landscape at a local to national level

in response to a changing climate, although

the effectiveness of these corridors is not yet
established?. It is important that when planting or
restocking hedgerows, there is an aim to diversify
the range of species and select hedgerow species
and provenances adapted to a wider range of
climatic conditions*! to ensure climatic resilience.

4.2. HERBACEOUS
FIELD MARGINS

Similarly to hedgerows, grass margins alongside
agricultural crops also prevent pollution and soil
erosion'’. Field margins also allow some species to
move within a landscape and find new locations,
either locally or as part of larger-scale species
migrations*?, potentially enabling biological
communities to better adapt to a changing climate.

4.3. AGROFORESTRY

Agroforestry can help to make arable cropping
more resilient in the face of climate change, with
benefits accruing from the integration of trees
and shrubs into the agricultural system. This
offers protection against wind and associated

soil erosion, water conservation through reduced
evapotranspiration, and a beneficial microclimate
in the fields**#4. Observed microclimate benefits
include a reduction of wind speed, more moderate
temperatures due to lower radiation intensities
and higher air and soil moisture?’. All of these
microclimatic changes can provide benefits for
cultivated agricultural crops and have bearings
on crop yield and yield stability?’. Trees alongside
watercourses offer similar benefits to herbaceous
buffer strips and can also protect watercourses
from temperature extremes through shading*®.

9. BIODIVERSITY VALUE

Many NbS are known to enhance and support
biodiversity enabling land managers to address
biodiversity decline. This section provides
examples of NbS that protect and enhance
biodiversity in agricultural systems.

9.1. HEDGEROWS

Hedgerows are protected from removal e.g.
through the Hedgerow Regulations (1997) in
England and Wales, and have become a key target
of agri-environmental schemes across the UK due
to their importance. Their linear and continuous
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structure is important for landscape connectivity,
particularly for the migration, dispersal and genetic
exchange of wild species. Hedges also contribute
to the natural landscape character and provide
cultural service delivery, including wellbeing*®.

Hedgerows are considered vital for the survival

of many farmland plants and animals, especially

in intensive agricultural systems?’. Studies have
shown that the majority of the biodiversity on a
farm can be conserved by appropriately managing
uncultivated habitats such as hedgerows despite
their small area relative to productive land?,4°.
Hedgerow plant species provide important pollen
and nectar resources for a substantial proportion

of wild pollinator species®. A single hedgerow can
support high numbers of species of fungi, plants
and animals®-%?, depending on key attributes, such
as provision of flowers and size. One study recorded
2,070 species of animals, plants and fungi in a single
hedgerow in Devon over a two-year period®.

In England, at least 21 of the 49 Section 41 bird
species are associated with hedgerows and for

13 of these hedgerows are a primary habitat.
Similarly, as many as 16 out of the 19 birds used
by UK government to assess the state of farmland
wildlife are associated with hedgerows, with 10
using them as a primary habitat.

Woody species richness has a positive effect
on bird species richness®, and invertebrate
numbers®®. Three times as many movements
of woodland birds have been recorded along
hedgerows as across open fields®. Similarly,
butterflies®, moths®” and bumblebees®®
preferentially fly along them, while both bats®®
and hazel dormice® find gaps in hedgerow
networks can limit day to day movements.
The maintenance intensity of hedgerows is an
important consideration as, intensively managed,
low diversity hedgerows lack dormice®.

One study showed that hedgerow trees may be
especially important for enabling macro-moths

to move across an agricultural landscape®. Wood
mouse density is also increased by the presence
of hedgerow trees, potentially due to increased
seed availability®. Hedgerows can be an important
source of decaying wood at a landscape scale,
which is essential for large numbers of fungi and
invertebrates, including many threatened and
scarce species®. Soil biodiversity is also enhanced
by hedge presence in arable landscapes®.

9.2. FIELD MARGINS

Margins taken out of production at the edge

of arable fields are supported under agri-
environmental policy for their many proven
benefits to biodiversity®®. For example, grassy field
margins host more species and higher numbers of
insects, spiders, wild plants, birds and mammals,
compared to control cropped field edges. Margins
sown with wild flowers or specific varieties of
nectar-rich plants for pollinators are particularly
beneficial for flower-feeding insects such as bees,
butterflies and flies, although the types of insects
that benefit depend on the specific plants sown.

Specific conservation-focussed management of
arable field margins can also help support scarce
and declining farmland birds, such as the turtle
dove®® and are valuable in supporting rare flora
such as shepherd's needle?”. The provision of
grass tussocks and beetle banks in field margins
also provide year-round habitat for a number of
invertebrate species®. Vegetated field margins
have also been shown to increase pollination
services, pest regulation (see next section),
nutrient cycling in the soil and off-site soil
erosion®.

9.3. CONSERVATION
BIOLOGICAL CONTROL

Conservation biological control, or natural pest
control, is the control of agricultural pests,
including insects, plant pathogens and weeds, by
naturally-occurring organisms in the agricultural
ecosystem. Conservation biological control is a
central element of Integrated Pest Management
(IPM)77 and especially important in organic
farming, where it is linked to increased crop
production’?, and could be responsible for up to
20% of cereal yields™.

Conservation biological control can be enhanced
through a range of management approaches, with
carefully engineered solutions such as combining
trap and repellent plants, and using attractant
plants or chemicals such as pheromones to bring
in natural enemies of pests, being among the most
effective’. Well-designed flower strips alongside
arable fields also enhance natural pest control and
can therefore reduce the need for insecticides’ ¢,
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thereby reducing the direct and indirect adverse
impacts of pesticides on biodiversity””78.

Furthermore, relying on natural pest regulation
enhances biodiversity, because it involves
increasing the densities of wild species such as
birds, insects, bats and spiders. Increasing the
diversity and abundance of these species has been
shown to increase pest regulation across a range
of studies”. This can be achieved by diversifying
agroecosystems at crop, field, and landscape
levels, increasing the number of crop and non-crop
plant types across wider areas over time, thereby
enhancing floral and habitat diversity.

9.4. AGROFORESTRY

The inclusion of tree rows into agricultural
systems can provide habitat akin to well managed
hedgerows, with increases in agronomically

6. TRADE-OFFS

The implementation of NbS in agricultural systems
needs careful consideration and management

to balance the need to maintain agricultural
productivity with the objective of reducing
environmental degradation and mitigating climate
change. This final section explores some of the
trade-offs that may be associated with certain NbS.

6.1. YIELDS AND PRODUCTIVITY
6.1.1. HEDGEROWS AND FIELD MARGINS

Hedges deliver multiple ecosystem services (at
field and landscape scales), with trade-offs being
primarily in terms of taking up areas of potential
production land and minor impacts on crops

due to shade and water use (in dry conditions).
Hedgerows may reduce yield in land adjacent to
the hedge, through shading, with arable yields
reduced by an average of 29% up to a distance of
twice the hedge height away'’.

However, almost certainly these disbenefits are
outweighed by positive impacts on cropping
including prevention of soil erosion, water
retention, provision of habitats and food sources for
pollinators and crop pests?®.

beneficial species such as spiders and ground
carabid beetles in a manner similar to “beetle
banks”. These species may afford some benefits
for pest control within the arable crop”. However,
non-beneficial fauna can also have an impact, for
example lower crop yields linked to slug damage
emanating from the tree rows®°.

A wide-ranging review found that the overall
impacts were considered positive?!, while a meta-
analysis reported increases in natural enemy
abundance (+24%) and decreases in arthropod
herbivore/pest abundance (—25%)%. Agroforestry
can also enhance biodiversity through acting as a
keystone structure due to the high ecological value
they can introduce into modified landscapes and
they can also play an important role in facilitating
climate change adaptation through the provision of
ecological connectivity®.

One important study has shown that the yield
benefits from enhanced pollination and/or natural
pest regulation balance out the lost yield when

up to 8% of land is taken out of production and
managed carefully as flower-rich habitat®. Another
study has shown that in soft fruit cropping
systems (blueberry), flower strips more than pay
for themselves in yield increases after four years®.
However, a recent large meta-analysis of data from
529 sites around the world indicates that the effect
is not always found”.

Flower strips and hedgerows can enhance natural
pest regulation and pollination, especially at

the field edges near the strips, but they do not
consistently lead to yield increases. Yield benefits
may take time to accrue and habitat measures
must be carefully designed for specific systems to
avoid a trade-off.

6.1.2.AGROFORESTRY

Although agroforestry in tropical and dryland
systems have been shown to increase crop yields®?,
there is limited evidence of these benefits in
temperate regions. A study did find increased
wheat yields in an agroforestry system relative

to wheat in an open field and explained them
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with a reduction in evapotranspiration rate in the
alleys®. In some cases though, agroforestry may
lead to a decrease in yields. This is particularly
the case where arable crops are intercropped
with mature trees®. However, it is worth noting
that reduction in crop yields may be more than
compensated for when factoring in both the crop
and tree components of the agroforestry system
(for example through harvesting fruit), but better
models are needed to elucidate the full effects of
agroforestry on arable productivity®®. Furthermore,

1. CONCLUSION

This chapter describes and assesses specific
interventions that can enable arable farming to
mitigate and adapt to climate change in ways that
are beneficial for nature.

There is good evidence to indicate that hedgerows
and taking field margins out of production for
wildlife benefits are effective NbS in arable
landscapes, catering for biodiversity and storing
carbon. Agroforestry also has the potential as

a NbS to increase carbon sequestration as well
as enhancing climate change resilience through
services such as providing a better microclimate.
Conservation biological control is also considered
a NDbS that should be pursued because it can
reduce the need for pesticide manufacturing (and
therefore the associated GHGs), while enhancing
biodiversity.

when intercropped trees are less mature, yield may
be improved in some situations®®.

More importantly for the farmer, and depending on
the choice of trees, agroforestry can be as, or more,
profitable than monoculture systems. Although
the farm business becomes more complex, the
diversification of income streams brings benefits,
alongside wider opportunities for the local
economy®.

Arable cultivation is inherently a highly modified
ecological system that does not traditionally lend
itself to supporting nature and therefore many
agri-environment interventions, including those
to benefit the climate, can involve a reduction

of arable activity and such trade-offs must be
considered. It is therefore of high importance that
the application of NbS in agricultural landscapes
are researched further in order to establish both
the direct and indirect impacts, positive and
negative, of such interventions. Given the current
opportunities to shape the re-design of UK farming
systems, it is important to note that policies will
be required to encourage and incentivise changes
to intensive farming practices to deliver NbS at
the scale desired — this will require careful design,
implementation and crucially, rigorous monitoring
once implemented.

CASE STUDY 1: ASSESSING AGRICULTURAL NBS FOR CLIMATE AND NATURE

One attempt to assess agricultural NbS has been
undertaken by the Institut du Development
Durable et des Relations Internationales (IDDRI)
which modelled the application of agroecological
practices at the European level to assess some
of the potential climate, production, dietary and
biodiversity consequences of such a shift at
scale®’. The key finding suggests the shift could
secure approaching a 40% reduction in the GHG
“footprint” of European farming compared to
the 2010 level, before factoring in potential soil
carbon sequestration®'. Concomitant benefits

to nature would come from the reductions

in pesticides, creation of the “ecological
infrastructure” and retention of high value
grassland®. Crucially, the food produced would
provide an adequate, but different, healthy diet
for the European population.

Compared to other more ambitious scenarios of
“net-zero” agriculture, the 40% GHGs reduction
may appear rather modest. Such scenarios tend
to rely on “sparing” farmland for uses such as
forestry that sequester carbon and can benefit
nature, but they need to be tested for their
assumptions about the impacts of the required
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intensification to produce more food from less analysis of the impacts in terms of food

land. Offshored climate and nature impacts of production, dietary changes, off-shored impacts,
feed imports would also need to be factored in. GHGs and environmental impacts of different
Moving forward the discussion of NbS in the scenarios to enable like-for-like comparisons to
agricultural sector needs a comprehensive be made.

BUX ’] HEDGER[]WS landscapes. They provide habitat, food, shelter
: and navigation routes for numerous species,

Hedges are a NDbS that has become part of reduce wind and water erosion, store carbon in