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Foreword

Lord Deben,
Chair, Climate Change Committee

| am looking over the fields outside my window and this is the
first year that the hedgerows we have put back have begun to
come to fruition. The countryside over which we look is now
exactly as it was in 1850 before the hedges and trees were
pulled out to make our pasture land into large arable fields.
The destruction was not a wicked plot but a determination to
make land more productive in order to feed our people during
and after the war. Spurred on by Deficiency Payments and the
Common Agricultural Policy, our yields rose and our wildlife
diminished. As so often we overdid it — ignorant and careless
of the effects it was having.

Since then, there has been a growing revolt as farmers and
landowners, environmentalists and country people in general
have begun to recognise how we have diminished the natural
world and threatened species of every kind from mammals and
birds to reptiles and insects. CPRE, the countryside charity’s
timely report concentrates upon the hedgerow and its pivotal
role in habitat creation, soil protection, and the sheer beauty
of the countryside. Reintroduction and proper maintenance of
hedgerows transforms the all too sterile prairie land into the
countryside, which for long we have loved. But, as this report
shows, this is not about romance — the hard facts are that
hedges contribute to profit as well as to wellbeing and CPRE
is to be congratulated in putting the record straight.
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Executive summary
and recommendations

One of the best ways to simultaneously
tackle the climate crisis, boost nature
and grow our economy is by restoring
and increasing the UK’s hedgerow
network. Not only do hedgerows
complement and enhance the unigque
character of our beautiful countryside,
they are a haven for nature, remove
carbon from the atmosphere and
support sustainable local economies.
But, shockingly, we have lost 50% of our
hedgerows since the Second World War
and they are still in decline.

The Climate Change Committee (CCC)
recommends that the extent of our hedgerow
network should be increased by 40% to
support the UK government’s goal of net-zero
carbon emissions by 2050. In this research,
commissioned by CPRE, the countryside

charity, and undertaken independently by the
Organic Research Centre (cpre.org.uk/ORC21),
we provide an evidence-based overview of

the impact of 40% more hedgerows for nature,
climate and the economy. We then make
recommendations on how the government, local
authorities, farmers and land managers can
maximise the potential of the humble hedgerow.

What’s a hedgerow?

A hedgerow is defined as any boundary line
of trees or shrubs over 20m long and less
than 5m wide, and where any gaps between
the trees or shrub species are less that 20m
wide. Any bank, wall, ditch or tree within 2m
of the centre of the hedgerow is considered
to be part of the hedgerow habitat, as is the
herbaceous vegetation within 2m of the centre
of the hedgerow. Species-rich hedgerows
contain five or more native woody species on
average in a 30m length.


https://www.cpre.org.uk/ORC21

Economy

The analysis carried out for this report
indicates that for every £1 spent on
hedgerows, a return of as much as £3.92
can be expected as a result of some key
ecosystem services and economic activities
associated with hedgerows.

These include biodiversity enhancement, carbon
sequestration and small-scale woodchip production,
for local and domestic biofuel. The positive cost-
benefit ratio suggests a compelling argument in
favour of increasing the current hedgerow network in
the UK. It is important to acknowledge that the nature
of the costs and benefits are closely dependent on
the location and management regime of hedgerows.
It's also important to note that the benefits are
expected to be even higher than this, as the value

of £3.92 does not include the ecosystem services of
water regulation and air pollution reduction — these
were evaluated using a different approach and could
not be aggregated in the composite figure.

Biodiversity

In its expanse, the hedgerow network is our largest
‘nature reserve’. Just as our capillaries branch and
penetrate the body to supply all cells with food and
oxygen, the UK’s hedgerow network must remain
healthy in order to branch and spread deep across
our countryside and supply every village, town, city
and rural area with the ecosystem services they
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need. Healthy hedgerows are teeming with life and
vital for nature — of the 1,149 UK priority species, 130
are significantly associated with hedgerows. These
include the charismatic hazel dormouse, the much-
loved hedgehog, whose decline has been closely
associated with hedgerow loss, and the brown
hairstreak butterfly, which lays its eggs on blackthorn
and is particularly common in hedgerows. Many of
these species have a key role to play in pollinating
crops and as natural predators for crop pests. It is
clear that continued hedgerow loss will hasten the
decline of these species. Increasing the hedgerow
network will aid their recovery.

Climate change

With as much as 5% of carbon sequestration
on farms attributable to hedgerows, the

role of UK hedgerows should not be
undervalued in international efforts to
mitigate climate change.

Indeed, the restoration and planting of new
hedgerows will be an important part of the UK’s
international obligations to reduce national emissions
by 80% before 2050. There is huge scope to increase
the overall carbon sequestration and storage of UK
hedgerows by allowing our hedgerows to become
wider and taller. An ORC field study found that

a hectare of hedgerows between 3.5m and 6m wide
could sequester as much as 131.5 tonnes of carbon

per year.



Air quality

Urban trees are commonplace as they are seen

as a good tool for cleaning our air by filtering out
pollutants, providing cooling shade and boosting
biodiversity. But evidence indicates that hedgerows
are superior to trees in urban street pollution
management in ‘canyon’ streets, or ‘high sided’
streets — that is, streets with tall buildings. Unlike
trees, when hedgerows are planted between public
walkways and traffic, they do not constrain air flow.
In cities hedgerows also act as a superior local
barrier to airborne pollution because of their low
and dense foliage. In open roads, again, hedgerows
have their foliage at the correct height to act as a
barrier to pollution whereas other greenery, such
as trees, do not. Hedgerows can even block noise
pollution from busy roads. These clear benefits would
suggest that hedgerows, not just trees, should be
the default solution for urban roadside pollution and
noise control.

Cultural services, public health
and wellbeing

Hedgerows are the vital stitching in the
patchwork quilt of the country, lending
beauty and character to the landscape.
They provide tangible signs of the changing
seasons, while at the same time giving

a strong sense of continuity. They also

make a significant contribution to local
distinctiveness and a sense of place.

This report finds hedgerows to be a key component
of public appreciation for the outdoors and
enjoyment of rural landscapes. With most people
spending between £1 and £3.50 on every outdoor
recreational visit, the contribution of hedgerows
towards regional economies should not be
overlooked. There is substantial evidence to suggest
the increased presence of green features in urban
landscapes could have benefits to public wellbeing
and enjoyment of outdoor urban space

— and urban hedgerows account for around 10% of
the nation’s hedgerows.

Water and flooding

Flooding and soil erosion cause substantive costs

to society. It is clear that planting hedgerows in some
areas represents a valuable policy option to reduce
the risk and damages of flooding events in the UK,
which are being increasingly exacerbated by the
climate emergency. Hedgerows also contribute to
preventing soil erosion and nutrient loss, keeping
our landscapes happy and healthy.



Jobs and growth

more hedgerows would result in

more jobs over a
30-year period for
hedgerow planting
and maintenance

over
25,000

Recommendations

For every £1 invested in hedgerows,
as much as

£3.92

could be returned to the wider economy when
the right hedgerows are planted in the right place

In order to achieve a 40% increase in the extent of the UK’s hedgerows by
2050, CPRE, the countryside charity is making the following recommendations.

The government should:

1. Set a target to increase the hedgerow network
by 40% by 2050 with extended protection under
the Hedgerows Regulations to cover more
existing hedgerows.

2. Design and deliver an environmental land
management scheme (ELMS) that makes
healthy hedgerows an attractive option for
the agricultural sector.

Local authorities should:

3. Develop policies in local plans to ensure
that hedgerow planting is integrated in
new developments and that any damage
to existing hedgerows is avoided
(biodiversity net gain should never justify
the removal of important hedgerows).

4. Work with local community groups to plant
hedgerows in urban, and urban fringe
(including Green Belt) areas, enhancing green
infrastructure and directing funding to help
deliver Local Nature Recovery Strategies.

Next steps

Farmers and land managers should:

5.

Maximise the environmental benefits of
hedgerows by allowing them to grow taller
and wider and ensuring flowering plants are
allowed to grow around hedgerows at the
field margin.

. Maximise the biodiversity benefits of hedgerows

by ensuring that no more than half of a
hedgerow is ever coppiced for wood fuel
and no more than 5% is coppiced in any year.

CPRE, the countryside charity, will:

7.

Commission research into locations that could
help achieve a 40% increase in the hedgerow
network (through new planting and restoration),
in @ way that enhances and reinforces landscape
character and delivers the maximum benefits

for communities.

If you would like to work with CPRE, the countryside charity
on our campaign for 40% more hedgerows by 2050,
please contact externalaffairs@cpre.org.uk



© Paul Lincoln / Unsplash:

Introduction

The agricultural landscape makes
up 73% of the UK’s land mass and
represents a long and interwoven
history between labour and land.

Two-thirds of England has had a
continuously hedged landscape for 600
years or more.! Some hedgerow systems
date back to prehistoric times and most
were well established by the Anglo Saxon
period.? So much of our relationship with
the land in the UK has evolved alongside the
creation and maintenance of hedgerows —
from how we manage trees, burn fuel, build
homes, and stock animals, to how we mark
parish boundaries, manage waterways and
map pathways and roads.® Hedgerows are
also fundamental to our efforts to mitigate
UK land degradation and climate change.

Since 1945, the UK’s hedgerow network
has shrunk by about 50%, with the annual
net loss of hedgerows reaching 18,000km
in the early 1990s.” This is because of
direct removal of hedgerows, resulting
from perverse policy recommendations
and subsidies, as well as through under-
management, neglect and the effects of
development. In addition, dominant hedge
management practices seek to minimise
workload and costs, often at the expense
of hedgerows’ value to wildlife and

to wider society.




The Climate Change Committee (CCC) recommends
that the UK hedgerow network should be increased
by 40% to support the government’s legally

binding target of net-zero carbon emissions by
2050.5 This report provides evidence for why this
recommendation should be built into government
policy. We believe that currently the full benefits of
extending the UK hedgerow network are not being
taken into account.

These include:

* biodiversity, including value for pollination
and pest control

e climate crisis mitigation

e cultural services

* water quality and water regulation

° urban air quality

Hedgerows reach everywhere and everyone is
exposed to them, from the rurally isolated farmer

to the inner city dweller. It is for this reason we
believe they deserve particular attention as a nature-
based solution to the climate emergency and to
increasing environmental and economic resilience.

Policy has an important role to play in this.

Already, post-Brexit agricultural policy has shown

a willingness to promote hedgerow planting by
farmers and there may be more of this as the
structure and detail of the new environmental

land management scheme emerges.® But we feel
the government must do more and make a policy
commitment’® to the ambitious hedgerow expansion
plan outlined by the CCC in its influential report.

Our research provides the hard evidence to
underpin such a policy change. It has been

written independently by agricultural ecologists

and economists in the UK’s leading independent
organisation for research in organic and sustainable
farming, the Organic Research Centre (ORC).
Researchers at the ORC have independently
reviewed all available evidence on the ecosystem
services of hedgerows and the economic benefits
of the proposed 40% expansion of the network, as
well as developing numerous new mathematical and
economic models to quantify their impact. For the
first time this report brings together evidence on the
highly diverse environmental, societal and economic
benefits that hedgerows and hedgerow expansion
can bring.

The term ‘ecosystem services’ is one

we refer to a lot in in this report. They
are defined as 'the benefits people
obtain from ecosystems. They can

be provisioning (supplying products to
people), regulating (eg regulating climate
or disease), supporting (eg soil formation
and nutrient cycling), or cultural (spiritual,
aesthetic, educational)'®.

We have found overwhelming evidence to
demonstrate the benefits of expanding the UK’s
hedgerows by 40%. We also found such investments
invariably return more in terms of ecosystem services
than they cost to implement. Hedgerows enhance
waterways, the wildlife we enjoy and need, the
spaces in which we live and even the air we breathe.

Recommendation

Expanding our hedgerow network would be a
natural solution to the climate and nature crises by
increasing the nation’s capacity to absorb carbon
emissions, reduce air pollution and help reduce flood
risk from extreme weather. Increasing hedgerows
will also enhance our landscapes and provide
habitats for wildlife. In line with the recommendation
from the Climate Change Committee, the government
should therefore set a target to increase the hedgerow
network by 40% by 2050 with extended protection
under the Hedgerows Regulations to cover more
existing hedgerows.







These costs can be partially offset by available grants. However, even considering
grants, there would be an overall cost for the establishment and management

of new hedgerows between 2022 and 2050 corresponding to £310 million, at

a discount rate of 2%. As shown in Figure 1 below, a substantial share of the
costs are for labour so would involve potential job creation. Overall, more than
25,000 full-time equivalent (FTE) jobs would be created over the 30-year period for
hedgerow planting and maintenance, if we consider the standard values of

10-15m per hour for planting and 5-8km per hour for flailing™.
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Despite the associated benefits this could bring to rural economies, public
funding does not cover all of these costs at present. They are instead carried
by private individuals, usually farmers, who are not fully compensated for the

Figure 1.

Costs to plant and
manage 259,886 km of
hedgerows in the UK
(+40% of the current
hedgerow network
on lowland), with the
breakdown of labour
and other costs.

These costs, used in
many of the economic
analyses undertaken
here, are summarised

ecosystem services they provide to wider society.

Expected return on investment
for hedgerow planting

The analysis carried out for this report indicates
that for every £1 spent on hedgerows, a return of
£3.92 can be expected as a result of some key
ecosystem services and economic activities
associated with hedgerows, including biodiversity
enhancement, carbon sequestration and woodchip
production for biofuel.

Both farmers and the wider public community
benefit from these services. The crop yield increase
and insecticide cost reduction mainly bring economic
benefits to food producers. The use of woodchip

for biofuel, if strictly limited to local and domestic
use, would also provide some economic benefits.

All citizens benefit from the climate change mitigation
derived from carbon sequestration.

The positive cost-benefit ratio suggests a compelling
argument in favour of increasing the current
hedgerow network in the UK. But it is important

to acknowledge that the nature of the costs and
benefits are closely dependent on the location and
management regime of hedgerows. For example, to
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in Technical Appendix 2.

calculate this aggregate figure we analysed the
costs and benefits of hedgerows planted at the
border of a crop which relies on insect pollinators
and is managed for woodchip biofuel on a 15-year
coppice rotation.

The benefits are expected to be even higher

than this, as the value of £3.92 does not include
the ecosystem services of water regulation and
air pollution reduction that were evaluated using
a different approach and could not be aggregated
in the composite figure.

Recommendation

Investing in the future management of hedgerows
will support skilled jobs such as hedgelaying and
create new jobs by planting hedgerows where

they enhance landscapes. In turn, this could create
up to 25,000 jobs, supporting both urban and rural
economies. Beyond 2024, the environmental land
management scheme (ELMS) must be well funded to
support the 40% hedgerow expansion target by 2050.
The government should therefore design and deliver
an ELMS that makes healthy hedgerows an attractive
option for the agricultural sector.



Hedgerows and biodiversity

If you want the city you live in, or
the field you get your food from,

to remain healthy and productive

in the face of environmental change,
you need these places to contain

a variety of living things.

The UK’s hedgerows make a fundamental
contribution to the maintenance of the
country’s biological diversity.

We calculate there are 649,715km of
‘managed’ hedgerows in the UK (see
Technical Appendix 1). They would stretch
16 times round the Earth if extended in a
straight line. But it is the twists and turns
of the hedgerow network that are key. Just
as our capillaries branch and penetrate to
supply all cells of the body with food and
oxygen, so the UK’s hedgerows branch and
penetrate deep across the land to supply
every village, town, city and rural area with
the ecosystem services they need to remain
healthy and functioning.

Of the 1,149 UK priority species (those

in serious decline) identified by the 2007
Species and Habitat Review," 130 are
significantly associated with hedgerows.”
These include the charismatic hazel
dormouse, Muscardinus avellanarius, whose
decline is associated with aggressive
hedgerow management practices adopted
in recent years, and the brown hairstreak,
Thecla betulae, that lays its eggs on
blackthorn, which is particularly common
in hedgerows.® Hedgehogs, Erinaceus
europaeus, are a species associated with
grassland and edge habitats including
hedgerows and the deterioration of
hedgerow quality and loss has been
indicated as responsible for their recent
population decline®.

So hedgerows are fundamental to the UK’s
biodiversity and their decline over recent
times® has contributed to UK biodiversity
decline. Conversely, a 40% increase in the
network, as proposed by the CCC,> would
undoubtedly make a positive contribution
to UK biodiversity.




Analysis of ecosystem services

* Pollination and crop yield

One of the most comprehensive studies of
hedgerows and pollination was conducted in Holland
on open field strawberries.’ Researchers considered
small plots of strawberries next to grassy field
margins, isolated hedgerows and forest-connected
hedgerows. They showed that pollinator abundance
was greatest at forest-connected hedgerows,
intermediate at isolated hedgerows (around 17%
below connected hedgerows) and lowest at grassy
banks (around 33% below connected hedgerows).
This translated into significantly higher strawberry
quality and yield, with plants located at forest-
connected hedgerows having a commercial value of
14.95€ per 1,000 strawberries, compared with 9.27€
for plants grown on grassy margins.

Another study showed there were twice as many
pollinators at the field margin of Californian tomato
fields when hedgerows were added - and this was
the same in oilseed rape crops. These differences
generally hold up further away from the margin but,
interestingly, absolute pollinator numbers diminish
very rapidly with distance in tomatoes while they
are maintained at distances of up to 200m in
oilseed rape”.

Hedgerows are also predicted to stabilise English
populations of ground-nesting bumblebees in spring
because they provide nesting habitat and floral
resources, such as pollen and nectar.™

Researchers often consider hedgerows and

flower strips together as a complex’®-2° since many
hedgerows have a woody canopy and herbaceous
undergrowth. Indeed, field studies conducted in
southern England have demonstrated that the value
of hedgerows as a pollinator resource sometimes
depends not on the woody resources themselves
but on the flowering plants underneath.?*?2 Generally
speaking, hedgerows become much more valuable
to pollinators when presented as a complex of
habitats and when they connect larger, diverse
habitats together.

But while hedgerows may commonly boost
pollinator numbers, this does not always translate
into increased crop yield. It all depends on whether
the plant is pollen-limited or not. Pollen limitation,
where extra pollination makes a difference, occurs in
between 62% to 73% of plant species??* and leads to
14

a 42% increase in the average number of seeds per
plant.? If a plant species is not pollen-limited, then
supplying extra pollinators through measures such
as hedgerow planting will have no impact on seed
set and yield.

In the UK, the one species that has been definitively
established as pollination-limited is the apple. The
fruit set of Kent-grown Cox and Gala apples doubled
in hand-pollinated trees compared to open-pollinated
trees.?> Pollen limitation is suggested in oilseed rape
and broad beans grown in northern and southern
England but this is not definitively established?®.
Oilseed rape is pollen-limited across some sites in
Europe, with a maximum increase of 6% harvestable
mass as a result of hand pollination.?” This also
suggests that broad beans may be pollen-limited
since there is a good synergistic crop rotation
between beans and oilseed rape.

So expanded hedgerow planting in agricultural areas
should focus on improving habitat connectivity and
allowing flowering plants to grow around hedgerows
to improve the impact. New hedgerow planting
would also be likely to increase yields if focused on
areas producing pollination-limited crops such as
apples, oilseed rape and broad beans.

e Pest control

Hedgerows have the potential to produce cost
savings on pesticides. By harbouring the natural
enemies of crop pests, which disperse into nearby
fields, hedgerows offer a self-regulating ecosystem
service, with potential environmental and economic
benefits through reduced pesticide use.?8 29302

Hedgerows and their herbaceous understory
function in this way by providing microclimates

for overwintering of beneficial insects and food
resources for adult and juvenile insects.® They also
provide connectivity between habitats. Hoverflies
are boosted in numbers when their hedgerow is
connected to forest.* Bats (major predators of night-
flying insects) follow hedgerows while commuting to
forage sites by exploiting the moths that also follow
these routes.®

Not all hedgerows are equal in terms of their
ecosystem service. The value of a hedge as a
reservoir for ground beetles is much higher for old
hedges with their greater range of niches.* Foliage
density can be an important characteristic,® as can
plant species composition, structural diversity, leaf
litter and the range of associated habitats such as
banks and ditches.® Hedgerow management will,



therefore, almost certainly have an influence on
natural predator levels, though this has not so far
been investigated in the UK.

Evidence for the linkage between hedgerows, natural
predators and reduction in levels of crop pest
infestation is also scant in the UK, though studies
from elsewhere point to their potential impact. A
study in northern California showed a reduction in
aphid levels in tomato fields with hedgerows as a
result of predatory ladybird numbers® with effects
extending up to 200m into the field. A meta-analysis
of 18 studies across North America and Europe
suggests that the presence of flower strips improved
pest control by 16%,* while landscapes with 9% or
more of non-crop habitat was found to support
enough ladybirds to control aphid infestations.®

Insectivorous birds may also contribute to pest
control, as suggested by a number of studies of
North American bird species.® Habitat heterogeneity,
which is promoted by features such as hedgerows,
increases the efficiency of insectivorous bird
predation in French vineyards.®

Further investigation of the relationship between
hedgerows and crop yield is needed in the UK.®

In the Californian tomato fields mentioned above,
hedgerow planting costs could be recouped within
16 years through savings in pesticide use, or only
seven years if pollination services are also taken
into account. The potential negative impact of
hedgerows harbouring overwintering pests such as
grain aphids“4 also needs investigating. This could
be addressed by avoiding certain hedge species,
such as spindle and bird cherry.*

e Connectivity for biodiversity

Hedgerows provide corridors for animals to move
between patches of high quality landscape. This is
important in the UK’s fragmented lowland agricultural
environments and cities. Moths, bumblebees, bats,
birds and mammals such as the hazel dormouse and
hedgehog all prefer to follow hedgerows.® Birds

in hedgerows move around three times more than

in open fields* while East Anglian juvenile marsh

tits struggle to disperse between woods that are
more than 200m apart unless they are connected to
hedgerows.” Hedgerows provide a migratory route
for woodland animals in the face of climate change
while hedgerow trees provide a ’genetic migratory
route’ for woodland trees.*84° Hedgehogs’ reliance
on hedgerows has been particularly well studied.
Hedgerows can also help animals and plants to
disperse between small patches and so reduce local

extinction risk. Modelling has shown that doubling
the amount of hedgerow could improve population
connectivity - though trebling it would provide little
extra benefit’° Filling in hedgerow gaps, which can
act as barriers for movement of species such as
bats* and the hazel dormouse,” can also have a
significant impact.

 Biodiversity implications of a 40%
increase in UK hedgerows

Existing fields studies, while suggestive, do not
provide definitive evidence of a role for hedgerows
in lessening the impact of habitat fragmentation.>? 3
It nevertheless seems logical to assume that a 40%
expansion of the UK hedgerow network would
principally benefit those organisms of intermediate
mobility that are on the cusp of achieving the 1to 20
migrants per generation required to maintain genetic
integrity in isolated populations.> Further research
is needed to identify such species and the role of
hedgerows in their migration.

One major review of hedgerows and habitat
connectivity®? and species movement does conclude
that evidence is largely anecdotal and there is little
definitive evidence that hedgerows are important

in this respect. This is because few studies of
hedgerows have provided the ‘irrefutable evidence of
the connective corridor alleviating the dysfunctional
genetics that can occur in small, isolated populations
of animals®.

Studies based in the UK that have considered
migration between patches and genetics (without
considering hedgerows specifically) have concluded
that landscape fragmentation is only a serious
problem in less mobile species. For example,

there are no genetic signs of fragmentation in
woodland patches of the highly mobile wood mice
that are happy both in woods and lowland arable.>
Interestingly, the genetic health of urban wood mice
is considerably worse than rural ones as the dense
infrastructure of cities present formidable barriers to
such animals. This suggests that urban hedgerows
could potentially have a role in increasing population
viability of urban species. UK lowland herbaceous
plants and relatively immobile wood crickets do,
however, show signs of poorer genetic health due
to fragmentation in the agricultural landscape.>®>’

Studies of the genetics of UK lowland habitat
patches that are and are not connected by
hedgerows are needed to clarify hedgerows’ role
in genetic health of populations. However, it seems
logical to assume that a 40% expansion of the UK



hedgerows network would mainly help those organisms of intermediate mobility
that are on the cusp of achieving the 1to 20 migrants per generation required to
maintain genetic integrity of isolated populations.>*

A 40% hedgerow expansion will increase a whole range of species including
those beneficial to agriculture’®, but it is difficult to predict the precise impact on
any one species because no species is associated exclusively with hedgerows.
However, inspired by field studies that compare the incidence of organisms in
stretches of hedgerows relative to empty field patches of the same size, we have
derived a mathematical relationship to predict how hedgerow expansion could
impact on local abundance of organisms (see Technical Appendix 3). Some of the

different scenarios are shown in Figure 2. )
Figure 2:
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Applying this new relationship to some real field studies, we can expect
earthworms at ORC’s Elm Farm field site in Berkshire®® to increase in local
abundance (under the hedgerows) by around 17% as a result of a 40% increase
in hedgerows. Pipistrelle bats (P. pipistrellus) in the vicinity of hedgerows would
be likely to increase by roughly the same 17%.>° The hedgerow-associated
population of Lycosid spiders in southern England would be around 35% more
abundant and the number of bees would expand by about 5%.?' For hedgehogs,
habitat connectivity is the critical factor. Here, if fields have little hedgerow (25%),
doubling its extent increases the small number of hedgehogs undertaking long
distance migrations (2,000m) by around 50%. If fields already have substantial
hedgerow (50%), increasing its extent makes little difference to migration.®°




Evaluation of economic benefits Recommendation

The strategic planting of hedgerows on arable Good stewardship of hedgerows will maximise their

land has the potential to pay for itself where potential for crop pest management and pollinators.

crops benefit from improved pest management It is even better if hedgerows connect to other

and pollination services. habitats such as woodland. For pollinators it’s also
best that flowering plants are allowed to grow

In order to calculate the economic benefits of around hedgerows at the field margin. Allowing

improved biodiversity in hedgerows, we modelled hedgerows to grow taller and wider will increase

the long-term costs and revenue using a discounted carbon storage potential, along with maintaining

cash flow approach for three crops — oilseed veteran and other mature trees in hedgerows.

rape, field beans, and apples — which are known

to be pollination-limited in the UK. To estimate the Farmers and land managers should therefore maximise

economic benefit of hedgerows as a form of natural the environmental benefits of hedgerows by allowing

pest control, we evaluated the difference between them to grow taller and wider and ensuring flowering

pest control costs with and without hedgerows. plants are allowed to grow around hedgerows at the

According to Defra (2018)°, the presence of natural field margin.

predators can reduce the use of insecticides by 30%
within five years of establishing hedgerows next to
fields of crops.

For the quantification of costs and benefits

we use a net present value (NPV) approach, as
recommended by the System of Environmental-
Economic Accounts (SEEA)®. NPV is the value

of all future cash flows (positive and negative)
over the entire life of an asset discounted to the
present. A positive NPV indicates that the value
of the revenues is greater than the costs, which
means that the investment is providing a profit.
The discount rate is the rate of return used to
discount future cash flows back to their present
value. For the evaluation of the NPV associated
with the ecosystem services (biodiversity and
carbon sequestration) provided by hedgerows,
we choose a value of 2% following the guidelines
by Goulder and Williams (2012)¢>. A higher discount
rate is chosen when the time horizon considered
increases, such as the case of woodchip. For

As for pollination, the assumption is that establishing
hedgerows on selected crop land would offer
economic benefits through increased yields. In a
study* undertaken in the US, for example, yields of
rapeseed were 21% higher in fields with hedges,
compared to those without. Recent field trials in the
UK found oilseed rape yields increased by 18% as

a result of pollination services? and assorted bean
varieties between 15-30%.%2 For our calculation, we
used a more conservative figure, based on findings
by Klein et al (2007),8* who observed that in most
cases, crop yields increased by at least 10% as a
result of improved pollination services.

Taking into account both a 30% cost reduction for
insecticides because of increased natural pest
predators and 10% yield increase because of
improved pollination, the net present value (NPV) for

apples from 2022 to 2050 at a discount rate of 2%, is some ecosystem services it was not possible
positive (even without grants). The NPV for oilseed to calculate the NPV as annual data of benefits
rape and field beans is also positive, assuming that and costs from 2022 to 2050 were not available,
current grants continue to offset the costs connected in which case we have used other approaches

with hedgerow planting and management (see also documented in literature such as a replacement
annex for NPV values for oilseed rape, field beans cost approach for the evaluation of the benefits
and apples). (Please refer to Technical Appendix 4 for provided by hedgerows in flood risk control. Cost-
NPV values for oilseed rape, field beans and apples benefit analysis generally controls for inflation. A
and additional data used within this analysis and a discount rate is instead used to aggregate all future
visual presentation of results for field beans.) revenues and costs into a net present value.

Our economic analysis shows that on
average, for every £1 of investment made in
hedgerow planting and management, £1.73
of economic benefits are generated for
farmers due to increased crop Yyields and

a reduction in insecticide use.



Case study
Rob and Paula Wolton, farmers, Devon

Rob and Paula Wolton own a 120-acre beef and
sheep farm set in the heart of Devon. The soils are
heavy clay, acidic and very wet and it is challenging
land from which to produce food. Given this context,
the thick species-rich hedges which surround each
of their many small fields are of particular value to
their business and have enabled them to remain on
the land and care for it.

Many of these hedges not only perform their
traditional function of serving to keep livestock in or
out of fields — wire fencing is kept to a minimum —
but also provide real benefits to the sheep and cattle
through supplementary forage and opportunities
for self-medication. The cattle can often be seen
browsing on tender foliage and eagerly eat any
hogweed in the margins — known to help reduce
intestinal worm burdens. Rob and Paula have never
experienced any bovine TB on their farm, which is
consistent with evidence that hedge-rich farmland
has less incidence of this disease in dairy cattle
compared to hedge-poor farmland™2.

Their hedges also provide most of the firewood they
use to heat the farmhouse, producing a good supply
of logs of an ideal size for their wood stoves — while
the harvesting and processing keeps them fit, they
say! The firewood crop saves money and is a source
of renewable green energy.
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Rob and Paula have also taken up hedgerow
options within an environmental stewardship
agreement. They currently benefit from a higher
level stewardship deal, with hedges providing the
lion’s share of the payments they receive. Without
these, they say, the farm would barely break even.

But above all, their hedges give them
enormous pleasure.

“ Throughout the year they enrich
our lives through their beauty and

as superb wildlife havens ”
says Paula.

A single hedge on the farm has been found to
benefit over 2,000 species and these include many
that are nationally scarce and some that are under
threat. A particular delight is the large population
of hazel dormice. Without hedges, the farm would
be greatly impoverished, say Rob and Paula.
Worse still, it would not be economically viable
without great intensification and consequential
environmental damage.



Hedgerows and the climate emergency

It is clear that hedgerows play a With as much as 5% of carbon sequestration
vital role in the UK’s international on farms attributable to hedgerows,

. . . their role should not be undervalued in
obligation to reduce emissions

) international efforts to mitigate climate
and should be part of a national change. The process takes place above

strategy to make our agricultural ground through the sequestration and

system more sustainable. storage of carbon in hedgerow biomass®,
as well as influencing storage of soil
organic carbon (SOC) below the hedgerow
with dense woody root systems and the
protection of soil from disruptive farm
practices such as tilling.

© Annie Spratt /4,J_rr's “ A



e Carbon sequestration and storage

Carbon sequestration and storage in above ground
hedgerow biomass varies according to tree species,
hedgerow density, maturity and height, which are

in turn influenced by management practices. The
majority of UK hedges are managed by trimming
every one to three years.®® As such, their widths and
height are often kept within the reach of tractor and

flail, resulting in a typical width of 2m.%*”° Furthermore,

90% of hedgerows contain hawthorn and 50% contain
blackthorn.®97° A study by Axe et al®’ found that a
blackthorn and hawthorn hedgerow managed by flail
could sequester and store between 32.2 and

42 tonnes of carbon per hectare of hedge.?”6°

Besides the planting of new hedgerows and
extending the national network, there is significant
scope to increase the overall carbon sequestration
and storage of UK hedgerows by increasing
hedgerow width and height. An ORC field study”
found that hedgerows between 3.5m and 6m

wide could sequester as much as 131.5 tonnes

of carbon a year (with lower estimates at 45.08
tonnes of carbon a year). Emission modelling by the
Royal Agricultural University found that extending
UK average hedgerow width to 3.5m and height

to above 2.5m could as much as double overall
carbon sequestration and storage in above ground
hedgerow biomass.®®

Hedgerows are believed to store as much as half
their biomass below ground®” Carbon storage is
also greater in soils that are next to hedgerows
compared with soils farther into the field. The
differing inputs and decomposition rates brought
about by hedgerows to the soils in their vicinity is
thought to increase carbon stocks by as much as
114% compared to treeless areas.’”? There is also data
to suggest that hedgerows play a significant role in
soil carbon levels at the landscape level by limiting
soil erosion.

Landscapes with a high density of hedgerows
(200m of hedgerow per hectare of agricultural

land) were found to have soil organic carbon (SOCQ)
stock levels reaching 117 tonnes of carbon per
hectare, with 38% of this effect being attributable to
hedgerows.” By contrast, on land with a low density
of hedgerows (50m of hedgerow per hectare), the
mean total of SOC stock was 84 tonnes of carbon

per hectare, with the contribution of hedges only
13%. This highlights the critical role hedgerows play
in climate change mitigation. Their continued removal
at farm level has significant implications for carbon
sequestration and storage at a landscape level,
potentially as much due to the loss of soil regulation
services as to the loss of woody biomass.

A conservative estimate of carbon sequestration

has been adopted for this report given that detailed
information regarding additional factors influencing
carbon sequestration and storage in hedgerows are
unknown at a national level. The age of the hedgerow
will determine the sequestration rate, with new and
old hedgerows estimated to sequester 0.54 and 0.46
tonnes of carbon per hectare per year respectively.”
Soil type, and its interaction with seasonal weather
events, may also influence the source-sink status

of soils underneath.” And species diversity can

have a significant impact on above ground carbon
sequestration. Hedgerows with greater internal
density boost species diversity and can positively
impact hedgerow carbon sequestration by extending
the duration of active photosynthesis due to differing
species-specific growth periods.”>’® High hedgerow
integrity (internal density) is linked to species
diversity and can positively impact hedgerow carbon
sequestration by extending the duration of active
photosynthesis due to differing species-specific
growth periods’>’¢. Further research is required to
understand the impact such variables may have on
national hedgerow carbon sequestration.

In a high ambition, 40% increase scenario, applying
known ratios of managed and unmanaged
hedgerows in the UK” as well incorporating the
suggestion that 30% of hedgerows in the new
network be brought into management for biofuel

- g conservative estimate has been made for this
report, which suggests a 40% increase in the UK’s
hedgerows would have a sequestration potential of
1.9 million tonnes of carbon. This is the equivalent of
up to 7.1 million tonnes of CO2 . If we incorporate
an average for below ground soil carbon storage
of hedgerows’™ into this figure, the total rises to as
much as 5 million tonnes of carbon — potentially
the equivalent of 18.5 million tonnes of CO2. For this
carbon model, it is assumed that the total extent of
unmanaged hedgerows remains the same, and all
new hedge creation is linear between 2022 and 2050.




e Hedgerow woodchip use for biofuel

The production of woodchips from hedgerow
coppicing is an important example of the ecosystem
services offered by hedgerows. Traditionally
managed for wood fuel production as well as other
wood products,’”® the increase in wood burner
technology and efficiency, as well as the drive to
reduce fossil fuel consumption, has led to a growing
interest in making fuel from hedgerows to serve the
needs of the farm as well as local enterprises.?®

One objection to this might be that rotational
coppicing and woodchip production conflicts

with long-term above ground storage of carbon
and therefore the potential to mitigate the climate
emergency. While it is true that uncoppiced hedges
sequester larger quantities of carbon, the carbon
substitution value of replacing fossil fuels with
renewable energy also needs to be considered.
Some carbon budget analyses have shown that
hedgerow bioenergy, if used appropriately and at
a small scale, can reduce overall greenhouse gas
emissions’?8%. However, this must still be put in
context of the wider debate around the long-term
sustainability of bioenergy, as large-scale bioenergy
use - particularly forest biomass - has a drastically
negative effect on the climate.

In contrast to the more industrialised forms of
biofuel production, hedgerow use as biofuel is highly
geographically dispersed and is a great opportunity

for small-scale farm businesses, which can also
enhance landscape character. It also involves only
very local transportation of fuel. Hedgerow use for
biofuel can also incentivise farmers to manage their
hedgerows’®7?, reduce hedgerow management costs
and, if done properly, improve habitat for wildlife’®.

Hedges for biofuel use would ideally be at least
5m and preferably 7m in height, with stems
10-20cm in diameter. Hazel, sweet chestnut, willow,
ash, sycamore, alder, birch and elm are particularly
suitable species. Flailing should occur in winter to
encourage vigorous regrowth and farmers should
also consider other hedgerow uses such as nut
and berry production.’®

As a general rule, no more than half the hedge should
be managed for wood fuel, and no more than 5% on
average coppiced in any year.® It is also important
that veteran and other mature trees in hedgerows

be maintained for their value to wildlife and
landscape character.”®

Were up to 30% of our expanded UK hedgerow
network to be brought into small scale management
for local and domestic woodchip biofuel, this would
bring both an economic return on investment to

the farmer as well as an innovative source of
cleaner energy.

Soil fertility

England’s post-Brexit system for incentivising
farmers to deliver public goods places a heavy
emphasis on soil health and fertility> and there is
growing interest in the use of woodchip from hedges
for soil improvement. Applying freshly chipped

wood has the advantage of on-farm sourcing while
not requiring space for composting.8? Building on
early work carried out in Canada and the US, which
demonstrated positive effects on soil biological
activity and soil organic matter (SOM),8*84 more recent
research on farms across the UK suggests a similar
effect on nutrients and SOM when compared to
compost applications.®



Case study
Ross Dickinson, farmer, Dorset

Racedown Farm is a 400-acre family farm in
Dorset. The farm has predominantly grade 3 soils
with above average wind speeds and an average
altitude of 600ft. Because of these factors, the
hedge growth rates are below average for
southern England. The farm has some 12 miles
(19.3km) of hedges of which 10 miles are allowed
to grow and are then managed by coppicing on a
15-20 year rotation.

As much as possible of the material from this
coppicing is sold to the public through Ross’s small
log business (around 150 tonnes a year). In 2018,

a 200m length of hedge was analysed in detail to
establish if this type of hedge management was
economically viable. All costs and income were
recorded. Labour was charged at a living wage and
machinery costs were based on contractor rates.
The total cost to the point of delivery to the public

Evaluation of economic benefits

Generating wood fuel, a renewable source of

energy, from hedgerows can be a productive part of
farm management. Our assessment of wood fuel’s
economic benefits builds on recent work carried

out by Smith et al (2021).7° The best results in terms
of biomass output and economic value are obtained
when hedges are coppiced at 6-7m high with some
stems more than 15cm diameter, which is reached
within 8-20 years.®® So our assessment was modelled
on a 15-year coppice rotation over a 60-year period.

As shown in Figure 3, coppicing hedgerows for
wood fuel production can provide a profit for

.
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was around £3,300. The income from the sales of the
hedge material and the saving engendered by not
flailing for 15 years was £4,900. This left a profit of
£1,600 from this 200m length of hedge.

Using different machines generated four usable

or saleable products — kindling twigs, cobs (for

very small log burners), small diameter logs and
conventional logs. The total saleable material from this
stretch of hedge amounted to 21 tonnes in 15 years.
This yield of firewood produces 88 Megawatt hours
(MWh) of viable energy.

This approach provides diverse wildlife habitats,
produces sustainable, renewable energy, maintains
the long-term integrity of the hedge and gives the
rural workforce a living wage with a small profit.

farmers. The calculation is based on using medium-
scale machinery (tree shears), which, according

to the literature is more convenient than using
chainsaws and brackle heads.® Grants for coppicing,
corresponding to £4 per metre, were also taken

into account.

In line with Smith et al (2021),7° this is especially true
when woodchips are used on farms to replace
heating oil, in which case the Net Present Value (NPV)
corresponds to £1,156 per 100m of hedges. Selling
woodchips into a local market has a smaller financial
benefit, with a NPV of £357 per 100m.

Figure 3.

The net present value
(NPV) at 4% discount rate
for hedge flailing and a
coppice hedge system
at two different wood-
chip processes over a
60-year period (based
on Smith et al 202179).

'1-.-\. conl Value

m Flalled hedge = Copploed hedge for woodiuel [off-site sale) = Copploed hedge for woodfuel {substitution for heating oll)
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The Climate Change Committee recommended an
increase of 10% or 30% in hedgerows for bioenergy
production. We calculate that a 10% increase would
lead to a reduction in greenhouse gas emissions
(GHG) of 304 Gg CO2e’ every year, because of the
lower emission factor of woodchip combustion
compared to heating 0il¥”. A 30% increase would
result in 912 Gg CO2e annual emission reduction.

At a national level, the Climate Change Act (2008)
establishes a target of 80% reduced emissions by
2050 as well as an agricultural sector target of 3
million tonnes of CO2 by 2022, For those targets to
be met, Defra has strongly recommended that efforts
to mitigate the climate emergency be stepped up
across the sector.™

Calculating a shadow price of carbon (known

in the US as the social cost of carbon) enables
governments to gradually increase the accountability
of polluting companies for greenhouse gas emission
(GHG), in order to meet national and international
climate change mitigation commitments.®® A shadow
price is representative of the costs associated

with providing negative emissions technology in

the future. Assuming a shadow carbon price is
implemented through taxation and the auctioning

of emissions allowances (carbon credits), a central
price of £75 per tonne of CO2 is recommended for
2030 (an increase from £50 per tonne of CO2 based
on 2020 pricings) and a central price of £160 per
tonne of CO2 for 2050.°° Using these figures for the
years 2022-2050, we calculate that increasing the UK
hedgerow network by 40% over that period would
have a total NPV of £1.8bn at a discount rate of 2% in
carbon sequestration services.

These findings begin to reflect the true value of
public investment in hedgerows as part of a
national strategy to combat the climate emergency.

Additional data used in this analysis can
be found in Technical Appendix 5.

There is also a growing interest in the economic
value of hedgerows for wood fuel production,
following rises in oil cost and concerns about
climate change. We found that for every £1 of
investment in hedgerow management for wood
fuel, £2.62 of economic benefits are generated for
farmers if woodchips are used on farm to replace
heating oil, or £1.5 if woodchips are sold into a local
market. This would give a substantive boost to the
rural community and contribute to creating a bio-
based circular economy.

There is also a strong economic case for investing
in hedgerows as part of the UK’s climate change
mitigation effort — our findings show that for every
£1 of investment in hedgerows, we would see a
return of £1.60 as a result of increased carbon
sequestration. The environmental land management
scheme is a vital funding stream to plant and restore
hedgerows — helping to increase the extent of
hedgerows by 40% by 2050.

Recommendations

Expanding our hedgerow network would be a
natural solution to the climate and nature crises by
increasing the nation’s capacity to absorb carbon
emissions, reduce air pollution and help reduce flood
risk from extreme weather. Increasing hedgerows
will also enhance our landscapes and provide
habitats for wildlife.

In line with the recommendation from the

Climate Change Committee, the government should
therefore set a target to increase the hedgerow
network by 40% by 2050 with extended protection
under the Hedgerows Regulations to cover more
existing hedgerows.

Managing hedgerows for wood fuel through
coppicing provides an opportunity to rejuvenate
old hedgerows, restoring not only their economic
role but their value to the wider landscape.

Farmers and land managers should therefore maximise
the economic benefits of hedgerows by ensuring no
more than half of a hedgerow is ever coppiced for
wood fuel and no more than 5% is coppiced in any year.
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Hedgerows and cultural services

Hedgerows are the vital stitching
in the patchwork quilt of the
country, lending beauty and
character to the landscape.

They provide tangible signs of the changing
seasons, while at the same time giving

a strong sense of continuity. They also
make a significant contribution to local
distinctiveness and a sense of place. That
is why hedgerows are of great cultural
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significance to many people in the UK.

For many, they are ‘emblems of rustic
tranquillity’ and for some, a place to watch
wildlife hopping around in hedgerows
from a window.

Here we consider two cultural aspects of
hedgerows that can potentially be evaluated
for their economic benefits: their value to
the landscape for both local people and
tourists, and their potential to benefit
mental health.




Aesthetic preferences and visitation

Fifty-one studies of people’s aesthetic appreciation of western and northern

European agrarian landscapes, including many conducted in the UK, have recently

been meta-analysed.”’ Hedgerows ranked fourth behind historic buildings, a
mosaic land cover, and the presence of livestock, and alongside dominant forest/

natural cover. While appreciating that landscape preferences may vary dramatically
in different socio-cultural groups,®> Swanwick’s (2009) review® of UK preferences

essentially agrees that hedgerows are among a suite of landscape features that
the public see in a positive light.

Social scientists have begun using social media technology and image geotagging

to assess how such landscape preferences influence people when they visit
places. A study of Panoramio, Flickr, and Instagram posts on European locations

(including those in the UK)** found mountains and hills are of the highest aesthetic

value followed by proximity to water and the presence of hedges and tree lines.*

Mental health benefits

Mental illness costs the UK £105 billion a year in terms of service costs, lost
productivity at work and reduced quality of life.> There is no data to evaluate
the precise economic impact of hedgerows on these aspects of mental illness
but hedgerows almost certainly do benefit mental health. This is of particular
relevance to city dwellers who may have restricted access to such amenities
(see case study).

There is around 156,000km of urban road in the UK®%” and 59,065km of urban
hedgerow (see Technical Appendix 1). This is the equivalent of 0.38km of urban
hedgerow for every kilometre of urban road. In a following section we
investigate the implications of the urban hedgerow network for pollution control
but the almost ubiquitous presence of hedgerow in the UK’s cities has equally
significant implications for improving mental health. AlImost everyone who lives
in a city (and that is 84% of the UK population®®) is exposed to this green
infrastructure every day of their lives.

Studies assessing passive, everyday exposure to green infrastructure seem
particularly relevant to hedgerows. Access to residential green space for Danish
children is associated with a lower incidence of adult psychiatric disorder.®®

A correlative analysis in Auckland, New Zealand, using Geographical Information
Systems (GIS) and psychiatric records concludes that both useable and
observable green space in the urban neighbourhood leads to decreased
anxiety/mood disorder treatment counts.™ Finally, a laboratory study with UK
subjects demonstrates that treadmill exercising while exposed to a pleasant
urban scene (a city skyline, with harbour, and trees lining the latter) had a more
positive effect on self-esteem than exercising without this scene or exercising

with an ’unpleasant urban scene’. This study, while artificial, is important because

it separates the effects of exercise and sensory exposure to green space.®®
It also suggests that the green element of ‘green exercise’ makes a significant
contribution to mental health.8

It remains difficult to
establish the economic
value of different
landscape features.
Ultimately, we do not
believe it is currently
possible to produce a
firm economic evaluation
of UK hedgerows’
influence on tourist
numbers but in section
7.3 we present an
analysis of the possible
economic spin-offs from
a 40% increase in the UK
hedgerow network.

We believe a 40%
increase in the urban
hedgerow network has
the potential to deliver
great benefit to mental
health — even more so
than localised green
infrastructure such

as parks. Everyone

in the city will benefit
from the extra and
expanded hedges - both
in mental health terms
and physically through
improved air quality and
so on. With the larger
population and higher
density of people,
hedgerow planting in
urban areas has the
potential for larger
impact than elsewhere.
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Case study
Lauren Smith, London

Lauren Smith currently lives in London but grew
up in Harpenden, Hertfordshire, which, although a

commuter town, is situated in beautiful countryside.

The landscape of London is quite different to
Harpenden but one similarity between the two
places is hedgerows.

They line the pathway outside her house and can
be seen in and around Clapham Common where
Lauren walks regularly. Not only do the hedges
provide physical privacy for the house, they also
help to reduce the noise of the road and provide
some shade for the garden.

Evaluation of economic benefits

Having grown up in the countryside, Lauren knows
how important hedgerows are for wildlife. Although
not as diverse as in Harpenden, the hedgerows in
London do still provide a habitat for urban wildlife,
including birds and insects, and act as wildlife
corridors between houses and roads. They also
play a role in capturing air pollutants, making the
living environment safer and more pleasant to be in.

Lauren really values these urban hedgerows

not only because of their diverse and varied
benefits for human health and wildlife but also
because it reconnects her with where she grew
up in Harpenden.

There is substantial evidence to suggest that hedgerows — in conjunction with
other landscape features — do influence people’s overall appreciation and
engagement with the natural environment.”? So increasing the UK’s hedgerow
network could see a significant economic return in terms of outdoor recreation.

The most comprehensive survey of outdoor public recreation is Natural England’s
annual MENE (Monitor Engagement with the Natural Environment) report which
found that 25% of survey respondents listed ‘to enjoy the scenery’ as a reason
for outdoor recreation. Based on this figure as well as van Zanten et al’s (2014)*'
landscape preference study, we calculate that hedgerows have a potential 4.75%
influence on public outdoor recreational trips. The UK sees 1,413 million outdoor
recreational visits a year.'® Using Defra’s 2020 political advocacy figures of
£1-£3.5 per outdoor visit'™, a 40% increase in UK hedgerows could be worth
more than £60 million a year in terms of its impact on outdoor recreation.

Given the lack of empirical data, however, we accept that the influence of
hedgerows could lie anywhere between 1% and 5%. The values have therefore

been plotted for each in Figure 5.

Our analysis also found that increasing the urban, and urban fringe, hedgerow
network by 40% could see a significant reduction in air pollution and associated

health costs of around £5 million each year.
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Figure 5.
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of influence of
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recreational activities.
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Analysis of ecosystem services

e Flood risk reduction

Due to transpiration, soil under hedgerows tends
to be dryer than surrounding soil and takes longer
to reach saturation following rainfall.’® Hedgerows
also intercept a significant amount of rainwater
and prevent it reaching the ground.”®® In addition,
hedgerows have higher values of ’saturated
hydraulic conductivity’ (Ks) - that is, the ability of

a soil to transmit water when conditions cause a
directional flow.

This means that when surface-moving water

meets a hedgerow, it encounters a type of filter
that slows water flow and retains soil and nutrients
within it. Even when saturated, water can pass
through hedgerow soil whereas other types of soil
with lower Ks, such as degraded arable soil, are
simply overwhelmed when they reach saturation
point, with the excess water deposited en masse
in catchments.

The implications of these processes for flooding

and stream flow have been examined in two major
systems in Wales and France. In the Pontbren
catchment in Wales careful placement of tree strips
on hill slopes was shown to reduce the size of flood
peaks by 40%."” A banked hedge network in Brittany
within a 32ha catchment and with hedges at a density
of 106m per hectare (64m/ha perpendicular to slopes)
reduced peak flow within the stream by between
25% and 50%.3"° Modelling work suggests that even
hedges at a lower density of 27m/ha would reduce
annual stream flow by 10% with the optimal density
being 60m/ha.?1%° UK hedgerows currently have a
density of 33.4m/ha (arable) and 52.5m/ha (pasture).
This would increase to 46.8m/ha and 73.6m/ha
respectively with a 40% expansion of hedgerows
(see Technical Appendix 1).

From this evidence it is clear that a 40% increase
in the UK hedgerow network within particular
catchment areas could have a significant impact
on downstream flood risk. Careful placement of
hedgerows is essential, however. There have
been examples of inappropriately placed trees

in catchments making flooding worse and, as a
generalisation, trees within catchments are better
at reducing minor than major flooding.™
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e Preventing soil erosion and nutrient loss

The important role hedgerows can play in preventing
soil loss can be seen very clearly when they are
planted on hills. This practice tends over time to

lead to the formation of terraces immediately behind
the hedgerows as the hedges accumulate soil. The
process was studied in the Massif Central, France.™
The hedgerows planted perpendicularly along slopes
in this region are at least 160 years old and some may
date from the 16th century. It has been shown that
the depth of material stored within each hedgerow-
formed terrace is between 0 and 0.63m. It has also
been shown that trace elements can accumulate in
terraces at levels up to 20% greater than elsewhere.

Even very modest ‘hedgerows’, in the form of grass
hedges in US cotton farming, can reduce soil loss

by a factor of 0.62 relative to equivalent no-till fields
without hedges, with a four-year average loss of 1.8
tonnes per hectare in the hedge-containing fields.
This compares with a soil loss for conventionally tilled
fields of 30.8 t/ha, showing the dramatic deteriorating
effect that tillage can have on soil properties.™

Contour hedgerows in fields growing maize, sweet
potato and wheat in the purple-soil area of China
lead to a redistribution of soil components during
run-off, with a pooling of clay particles behind the
hedgerow and an accumulation of sandy particle
below.™ Loss of the soil’s organic matter is slowed
by contour hedgerows. These hedgerows also retain
a large amount of phosphorus (along with certain soil
particles and organic matter), with a concentration
around 45% higher than before treatment.™

We know a lot about soil and nutrient loss in sloping
terrace hedgerow systems but less about the
traditional flat, lowland hedgerows system seen

in the UK. However, one of the few studies of soil
properties in relation to hedgerows indicates that
soil organic matter and phosphorous are elevated
immediately underneath hedgerows and that
hedgerow soil has Ks values that would be likely

to reduce soil loss.™



Evaluation of economic benefits

The strategic planting of hedgerows could not only
reduce the cost of building expensive artificial flood
protection in flood risk areas but also cut the costs
of soil erosion and nitrate leaching.

Flood damage currently costs the UK around £1.4
billion a year.™ At least a further £0.5 billion is
spent every year on man-made flood defences and
other water storage systems, which are estimated
to reduce flood damage by around 30%."8" This
reduction is similar to what hedgerows can achieve
at a density of 60m per hectare.® The UK’s current
hedgerow network has an average density of

50m per hectare, and a 40% hedgerow increase in
targeted catchment areas could easily reach the
recommended density values that would reduce
potential flood damage by 30%. Establishing and
managing these additional hedgerows would cost
on average £140 million a year. So, assuming that
hedgerows at the recommended density would
reduce flood damage by a comparable size to man-
made defences, we can deduce that they could
save around £360 million per year. It is also worth
noting that physical flood defences do not have the
positive aesthetic value associated with most trees
and hedgerows. Hedgerows also provide additional
benefits such as carbon sequestration, improved air
quality and enhanced biodiversity.

Case study
Bid Webb, Andy Smith, and Hilary Ford,
Scientists, Bangor University - Fferm Ifan

Fferm Ifan is a group of 11 National Trust tenanted
farmers in Ysbyty Ifan, North Wales covering 2,456ha
of upland agricultural land managed for sheep and
beef cattle production. Research conducted between
2017-2018 investigated the effect of hedgerows

and different soil types on soil carbon storage and
hydrology throughout the year.

The presence of hedgerows improved soil water
storage capacity through the creation of soil pores
mediated by roots, which altered soil structure. These
porous zones beneath hedgerows can also decrease
the speed of water flow across the landscape.
Hedgerows also promoted the drainage of soil water,
leaving soil significantly drier than nearby pasture
during the 10 months of the study, regardless of sail
type. When planted across a slope, hedgerows can

The financial cost of soil loss in the UK is £5.40 per
tonne, which corresponds to the costs of removing
sediment from domestic water supplies™. The cost
of nutrient loss is £7.15 per kilogram of nitrogen,
which represents the costs of the impact of nitrates
on human health.™

Standard figures on soil and nutrient loss reduction
associated with hedgerows are not available,
presumably because the process is particularly
site-dependent. However, simulation studies in the
UK have shown that increasing the density of trees
on arable farmland helps to reduce soil loss and
nitrogen leaching.® Planting a tree every 40cm as
part of a new hedgerow border for arable land could
therefore have the potential benefit of:
® Reducing the costs associated with soil erosion by
41% by moving from an arable system without trees
to a similar crop system with 78 trees per hectare,
and by 53% if there were 150 trees per hectare.
® | owering the public costs incurred on those lands
through nitrate leaching by as much as 80%, when
moving from an arable system without trees to an
arable system with 150 trees per hectare.

Our analysis shows that for every £1 of
investment in hedgerows in flood risk
catchment areas, £2.50 of economic benefits
are generated as saved costs.

also act as a physical barrier, interrupting surface
water flow down the slope, impeding soil erosion
and capturing fine sediment. On seasonally wet soil,
hedgerows were found to act as a hydrological
barrier beneath the soil surface, enabling water to
infiltrate deeper and leaving a consistently drier
pasture downslope.

Hedgerows create a microclimate that can alter soil
temperature and moisture regimes to reduce soil
organic matter decomposition and CO2 production.
Typically, hedgerow ecosystems were found to act
as net carbon sinks. However, it was observed that
during drought conditions, hedgerows located on
seasonally wet soil became net sources of carbon.
In general, expanding hedgerow cover across UK
farmland offers the potential to provide a net carbon
sink. But soil type and drought frequency need to
be taken into account when designing hedgerow
planting schemes to ensure the potential for carbon
sequestration is maximised.
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Analysis of ecosystem services

In street canyons, hedgerows (placed between
pedestrians and traffic) do not constrain air flow
while trees do™¢. Hedgerows also provide a good
local barrier to airborne pollution while trees do
not as the foliage is too high. In open roads, again,
hedgerows usually have their foliage at the correct
height to act as a local barrier to pollution whereas
trees do not. Hedgerows can also have an impact on
noise pollution from roads though often this needs
to be combined with dense noise-blocking walls.'?
These effects are summarised in Figure 6.

Hedgerow plants with hairy trichomes and micro-
ridges trap particulate pollution best, while those
with certain stomatal characteristics (e.q. size,

Built-up street canyon cofigurations

Description of flow and pllutant dispersion patterns in a
street canyon with and without different types of vegetation:

(a) vegetation free street canyon, (b) street canyon with trees,

(c) street canyon with hedges, and (d) street canyon with
green roof and green wall

A

Leewarsl :/vindward

Leeward windward

Leeward windward

Leeward
» windward

density) are more effective in preventing gaseous
pollution. Plants with small leaf size and high leaf
complexity are generally considered superior.”

Very little information is available on the distribution
of UK urban hedgerows but casual observation
would suggest that most are currently placed as
boundaries on the ‘wrong’ side of pavements and
paths — that is, not between pedestrians and
vehicles as recommended for pollution control. This
issue would have to be considered when expanding
the hedgerow network by 40% and it could have
implications for the character of many streets. Some
streets and pavements may not be wide enough for
the ideal positioning of hedgerows.

Fig 6. A summary of tree, hedgerow, and green
wall impacts on air pollution in street canyons
and open roads. Images reproduced with minor
modifications from ref 26,

Open road configurations

Dispersion patterns of road pollutants under open road
configurations (a) without vegetation barrier
(b) with vegetation, and (c) with green wall
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Evaluation of economic benefits

At the moment there is no hard information on what
proportion of hedgerows in UK cities run along

the roadside. Most are thought to be in residential
gardens and parks® so we have assumed a low level
of roadside hedges (5% to 20% of the urban network)
and generated economic values within this range.

The particulate matter from airborne pollution that
is most damaging to human health is PM2.5. We
have based our calculations on a study conducted
in Reading, in which various species of clean hedge
plants were placed next to major and minor urban
roads for 10 days in summer and the weight of
accumulated material measured.”'? These values
have been applied across the urban hedgerow
network using a simple geometric model of
hedgerow surface area™8"*® combined with statistics
on major and minor roads in UK cities?%.

Assuming 5% of urban hedgerows occur along
roadsides, we calculate that hedgerows sequester
38 tonnes of PM?3 3 year. This equates to a damage
reduction value™ of nearly £3 million. An increase

of 40% in the urban hedgerow network would save
an extra £1.1 million. If we assume that 20% of urban
hedgerows are along roadsides, we calculate that
hedgerows sequester 151 tonnes of PM?> a year. This
equates to a damage reduction value of £11 million.
Adding an extra 40% to the urban hedgerow network
would produce a further £4.4 million in health and
livelihood damage reduction.

A full description of our analysis, along with
spreadsheet calculations, can be seen in
Technical Appendix 6.

Recommendations

Hedgerows reduce air pollution when they are
planted between roads and pedestrians rather
than on the far side of pavements where roadside
hedgerows are commonly planted. Increasing the
urban, and urban fringe, hedgerow network will
also provide vital habitats for urban wildlife such
as hedgehogs.

Local authorities should work with local community
groups to plant hedgerows in urban, and urban
fringe (including Green Belt) areas, enhancing green
infrastructure and directing funding to help deliver
Local Nature Recovery Strategies.

We know that in some areas of England hedgerows
are not the main field boundary and there are many
places where hedgerows have been removed in the
past and so may be most suitable for new hedgerow
planting. Urban areas will also be vital for planting
new hedgerows, enhancing local green spaces and
improving the local environment.

CPRE, the countryside charity, will therefore
commission research in 2022 into where a 40%
increase in the extent of hedgerows could be planted
and restored, in a way that enhances and reinforces
the character of our landscape and delivers the
maximum benefits for local communities.




Next steps

If you would like to work with
CPRE, the countryside charity
on our campaign for 40% more
hedgerows by 2050,

please contact
externalaffairs@cpre.org.uk.




References

N

10.
n

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25.

Bealey, C., Ledder, E., Robertson, H. & Wolton, R. Hedgerows--Their wildlife, current state and
management needs. Br. Wildl. 20, 323 (2009).

Marrington, E. England’s hedgerows: don’t cut them out! Making the case for better hedgerow
protection. 37 (2010).

Williamson, T., Barnes, G. & Pillatt, T. Trees in England: management and disease since 1600. (University of
Hertfordshire Press, 2017).

RSPB. A history of hedgerows. https://www.rspb.org.uk/our-work/conservation/conservation-and-
sustainability/advice/conservation-land-management-advice/farm-hedges/history-of-hedgerows/.
Committee on Climate Change. Net Zero: The UK’s contribution to stopping global warming. Comm. Clim.
Chang. 275 (2019).

Defra. Sustainable Farming Incentive: Defra’s plans for piloting and launching the scheme. https://
www.gov.uk/government/publications/sustainable-farming-incentive-scheme-pilot-launch-overview/
sustainable-farming-incentive-defras-plans-for-piloting-and-launching-the-scheme (2021).

HM Treasury. Net Zero Review. 105 (2020).

Gov.uk. Nature for Climate Fund. https://www.gov.uk/government/publications/ealert-23-march-2021-
more-on-nature-for-climate-fund (2021).

Various authors. Millennium Ecosystem Assessment, Ecosystems and Human Well-being: A Framework
for Assessment. (Island Press, 2003).

Nix, J. The John Nix Pocketbook for Farm Management: 50th Edition. (Agro Business Consultants Ltd., 2020).
Biodiversity Reporting and Information Group (BRIG). Report on the Species and Habitat Review (Report by
the Biodiversity Reporting and Information Group (BRIG) to the UK Standing Committee). JNCC, Peterborough.
https://hub.jncc.gov.uk/assets/bdd8ad64-c247-4b69-ab33-19¢2e0d63736. http://jncc.defra.gov.uk/PDF/
UKBAP_Species-HabitatsReview-2007.pdf (2007).

Wolton, R. UK Biodiversity Action Plan: Priority species linked to hedgerows. A report to Hedgelink https://
www.researchgate.net/profile/Robert Wolton/publication/324149813 UK Biodiversity Action_Plan_Priority_
species_linked_to_hedgerows A report to_Hedgelink/links/ (2009).

Staley, A. J. T, Wolton, R. & Norton, L. Definition of Favourable Conservation Status for Hedgerows: Defining
Favourable Conservation Status Project. (2020).

Graham, L., Gaulton, R., Gerard, F. & Staley, J. T. The influence of hedgerow structural condition on wildlife
habitat provision in farmed landscapes. Biol. Conserv. 220, 122-131 (2018).

Centre for Ecology & Hydrology & Natural England.. Chapter 5: Boundary and Linear Features Broad
Habitat. in Countryside Survey: UK Results from 2007 70-83 (NERC, 2008).

Castle, D., Grass, |. & Westphal, C. Fruit quantity and quality of strawberries benefit from enhanced
pollinator abundance at hedgerows in agricultural landscapes. Agric. Ecosyst. Environ. 275, 14-22 (2019).
Albrecht, M. et al. The effectiveness of flower strips and hedgerows on pest control, pollination services
and crop yield: a quantitative synthesis. Ecol. Lett. 23, 1488-1498 (2020).

Gardner, E. et al. Field boundary features can stabilise bee populations and the pollination of mass
flowering crops in rotational systems. J. Appl. Ecol. (2021) doi:10.1111/1365-2664.13948.

Sutter, L., Albrecht, M. & Jeanneret, P. Landscape greening and local creation of wildflower strips and
hedgerows promote multiple ecosystem services. J. Appl. Ecol. 55, 612-620 (2018).

Garibaldi, L. A. et al. From research to action: Enhancing crop yield through wild pollinators. Front. Ecol.
Environ. 12, 439-447 (2014).

Garratt, M. P. D., Senapathi, D., Coston, D. J., Mortimer, S. R. & Potts, S. G. The benefits of hedgerows

for pollinators and natural enemies depends on hedge quality and landscape context. Agric. Ecosyst.
Environ. 247, 363-370 (2017).

Staton, T, Walters, R., Smith, J., Breeze, T. & Girling, R. Management to Promote Flowering Understoreys
Benefits Natural Enemy Diversity, Aphid Suppression and Income in an Agroforestry System. Agronomy
1, 651 (2021).

Burd, M. Bateman’s principle and plant reproduction: The role of pollen limitation in fruit and seed set.
Bot. Rev. 60, 83-139 (1994).

Ashman, T.-L. et al. Pollen limitation of plant reproduction: ecological and evolutionary causes and
consequences. Ecology 85, 2408-2421(2004).

Garratt, M. P. D. et al. Avoiding a bad apple: Insect pollination enhances fruit quality and economic value.
Agric. Ecosyst. Environ. 184, 34-40 (2014).



26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

44

45.

46.

47.

48.

49.

50.

51

Garratt, M. P. D. et al. The identity of crop pollinators helps target conservation for improved ecosystem
services. Biol. Conserv. 169, 128-135 (2014).

Holland, J. M. et al. Moderate pollination limitation in some entomophilous crops of Europe. Agric.
Ecosyst. Environ. 302, 107002 (2020).

Lamichhane, J. R., Dachbrodt-Saaydeh, S., Kudsk, P. & Messéan, A. Toward a reduced reliance on
conventional pesticides in European agriculture. Plant Dis. 100, 10-24 (2016).

Montgomery, I., Caruso, T. & Reid, N. Hedgerows as Ecosystems: Service Delivery, Management, and
Restoration. Annu. Rev. Ecol. Evol. Syst. 51, 81-102 (2020).

Puech, C, Poggi, S., Baudry, J. & Aviron, S. Do farming practices affect natural enemies at the landscape
scale? Landsc. Ecol. 30, 125-140 (2015).

Wolton, R., Pollard, K., Goodwin, A. & Norton, L. Regulatory services delivered by hedges: The evidence
base. Defra Rep. LM0106. Retrieved from http//randd. defra. gov. uk (2014).

Haenke, S. et al. Landscape configuration of crops and hedgerows drives local syrphid fly abundance. J.
Appl. Ecol. 51, 505-513 (2014).

Coulthard, E., McCollin, D. & Littlemore, J. The use of hedgerows as flight paths by moths in intensive
farmland landscapes. J. Insect Conserv. 20, 345-350 (2016).

Theves, F. & Zebitz, C. P. W. Biodiversity of carabid beetles (Carabidae) in field hedgerows-alternative
approaches. Mitteilungen der Dtsch. Gesellschaft fiir Allg. und Angew. Entomol. 18, 173-176 (2012).

Amy, S. R. et al. Hedgerow rejuvenation management affects invertebrate communities through changes
to habitat structure. Basic Appl. Ecol. 16, 443-451 (2015).

Morandin, L. A, Long, R. F. & Kremen, C. Hedgerows enhance beneficial insects on adjacent tomato
fields in an intensive agricultural landscape. Agric. Ecosyst. Environ. 189, 164-170 (2014).

Albrecht, M. et al. The effectiveness of flower strips and hedgerows on pest control, pollination services
and crop yield: a quantitative synthesis. Ecol. Lett. 23, 1488-1498 (2020).

Bianchi, F. J. J. A. & Van der Werf, W. The effect of the area and configuration of hibernation sites on the
control of aphids by Coccinella septempunctata (Coleoptera: Coccinellidae) in agricultural landscapes: a
simulation study. Environ. Entomol. 32, 1290-1304 (2003).

Kirk, D. A., Evenden, M. D. & Mineau, P. Past and Current Attempts to Evaluate the Role of Birds as
Predators of Insect Pests in Temperate Agriculture. Curr. Ornithol. 175-269 (1996) doi:10.1007/978-1-4615-
5881-15.

Barbaro, L. et al. Avian pest control in vineyards is driven by interactions between bird functional
diversity and landscape heterogeneity. J. Appl. Ecol. 54, 500-508 (2017).

Morandin, L. A, Long, R. F. & Kremen, C. Pest control and pollination cost-benefit analysis of hedgerow
restoration in a simplified agricultural landscape. J. Econ. Entomol. 109, 1020-1027 (2016).

Vialatte, A, Plantegenest, M., Simon, J. C. & Dedryver, C. A. Farm-scale assessment of movement patterns
and colonization dynamics of the grain aphid in arable crops and hedgerows. Agric. For. Entomol. 9,
337-346 (2007).

Vialatte, A., Dedryver, C.-A,, Simon, J.-C., Galman, M. & Plantegenest, M. Limited genetic exchanges
between populations of an insect pest living on uncultivated and related cultivated host plants. Proc. R.
Soc. B Biol. Sci. 272, 1075-1082 (2005).

Leather, S. R, Walters, K. F. A. & Bale, J. S. The Ecology of Insect Overwintering. (Cambridge University
Press, 1995).

Staley, J. T, Wolton, R. & Norton, L. Definition of Favourable Conservation Status for Hedgerows. 70
(2020).

Bellamy, P. E. & Hinsley, S. A. The role of hedgerows in linking woodland bird populations. In: Planning,
people and practice: the landscape ecology of sustainable landscapes. in Proceedings of the 13th Annual
IALE (UK) Conference 99-106 (2005).

Broughton, R. K. & Hinsley, S. A. The ecology and conservation of the Marsh Tit in Britain. Br. Birds 108,
12-29 (2015).

Breed, M. F,, Ottewell, K. M., Gardner, M. G. & Lowe, A. J. Clarifying climate change adaptation responses
for scattered trees in modified landscapes. J. Appl. Ecol. 48, 637-641 (2011).

Feber, R. The role of trees outside woods in contributing to the ecological connectivity and functioning
of landscapes. (2017).

Moorhouse, T.P, Palmer, S. C. F, Travis, J. M. J. & Macdonald, D. . Hugging the hedges: Might agri-
environment manipulations affect landscape permeability for hedgehogs? Biol. Conserv. 176, 109-116
(2014).

Bright, P. W. Behaviour of specialist species in habitat corridors: Arboreal dormice avoid corridor gaps.

Anim. Behav. 56, 1485-1490 (1998).
35



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.

77.

78.

36

Davies, Z. G. & Pullin, A. S. Are hedgerows effective corridors between fragments of woodland habitat?
An evidence-based approach. Landsc. Ecol. 22, 333-351 (2007).

Coleman, R. A. et al. Artificial barriers prevent genetic recovery of small isolated populations of a low-
mobility freshwater fish. Heredity (Edinb). 120, 515-532 (2018).

John A. Vucetich, T. & Waite, homas A. Is OMPG sufficient for genetic management of fluctuation
populations Vucetich&Waite2000.pdf. Animal Conservation 261-266 (2000).

Wilson, A. et al. Urbanisation versus agriculture: a comparison of local genetic diversity and gene flow
between wood mouse Apodemus sylvaticus populations in human modified landscapes. Ecography
(Cop.). 39, 87-97 (2016).

Petit, S. et al. Effects of area and isolation of woodland patches on herbaceous plant species richness
across Great Britain. Landsc. Ecol. 19, 463-471 (2004).

Brouwers, N. C. & Newton, A. C. The influence of habitat availability and landscape structure on the
distribution of wood cricket (Nemobius sylvestris) on the Isle of Wight, UK. Landsc. Ecol. 24, 199-212
(2009).

Tilman, D., Isbell, F. & Cowles, J. M. Biodiversity and ecosystem functioning. Annu. Rev. Ecol. Evol. Syst.
45, 471-493 (2014).

Westaway, S. & Smith, J. EIm Farm: integrating productive trees and hedges into a lowland livestock farm.
(2020).

Moorhouse, T. Hugging the hedges: might agri-environment manipulations affect. Biol. Conserv. 176,
109-116 (2014).

Defra. Reviewing the Opportunities , Barriers and Constraints for Organic Management Techniques to
Improve Sustainability of Conventional Farming - Final Project Report Prepared as part of Defra Project
OF 03111 Project period : 1 st February 2018 to 30 th Novemb. 1-128 (2018).

Bishop, J., Garratt, M. P. D. & Breeze, T. D. Yield benefits of additional pollination to faba bean vary with
cultivar, scale, yield parameter and experimental method. Sci. Rep. 10, 1-11 (2020).

Klein, A. M. et al. Importance of pollinators in changing landscapes for world crops. Proc. R. Soc. B Biol.
Sci. 274, 303-313 (2007).

United Nations. System of Environmental-Economic Accounting 2012 (2017). doi:10.5089/9789211615630.069.
Goulder, L. H. & Williams, R. C. The choice of discount rate for climate change policy evaluation. Clim.
Chang. Econ. 3, (2012).

Taylor, A. M., Amiro, B. D. & Fraser, T. J. Net CO2 exchange and carbon budgets of a three-year crop
rotation following conversion of perennial lands to annual cropping in Manitoba, Canada. Agric. For.
Meteorol. 182, 67-75 (2013).

Axe, M. S, Grange, |. D. & Conway, J. S. Carbon storage in hedge biomass—A case study of actively
managed hedges in England. Agric. Ecosyst. Environ. 250, 81-88 (2017).

Axe, M. S. Carbon measurement, prediction and enhancement of the agricultural hedgerow ecotone.
(Royal Agricultural University, 2015).

Britt, C., Sparks, T., Roberts, A. & Kirkham, F. Hedgerow management in England and Wales: current
practice and factors influencing farmers’ decisions. Asp. Appl. Biol. 133-143 (2011).

C J Barr, R C Stuart, S M Smart, L. G. F. RESULTS FROM MAFF-FUNDED WORK IN THE CS2000
PROGRAMME. (2001).

The Organic Research Centre. The carbon sequestration potential of hedges managed for woodfuel.
Org. Res. Cent. 45 (2015).

Bert, R., Steven, B, Victoria, N., Paul, P. & Kris, V. Ecosystem service delivery of agri-environment
measures: A synthesis for hedgerows and grass strips on arable land. Agric. Ecosyst. Environ. 244, 32-51
(2017).

Gregg, R. et al. Carbon storage and sequestration by habitat: a review of the evidence (second edition). (2021).
Blair, J. The effects of grassland management practices, and the role of hedgerows, on farmland carbon
sequestration and storage. (Queens University Belfast, 2021).

Henry, M. et al. Biodiversity, carbon stocks and sequestration potential in aboveground biomass in
smallholder farming systems of western Kenya. Agric. Ecosyst. Environ. 129, 238-252 (2009).

Westaway, S., Chambers, M., Crossland, M., Wolton, R. & Smith, J. Managing traditional hedges for biofuel.
in 12th European IFSA symposium social and technological transformation of farming systems: diverging and
converging pathways, Harper Adams University, UK (2016).

Committee on Climate Change. Land use: Reducing emissions and preparing for climate change. Comm.
Clim. Chang. 100 (2018).

Chambers, M., Crossland, M., Westaway, S. & Smith, J. A Guide to Harvesting Woodfuel from Hedges.
Revised edition. 16 (2019).



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

100.

101.

102.

103.
104.

105.

106.

107.

108.

109.

Smith Jo, Westaway Sally, Mullender Samantha, Giannitsopoulos Michail, G. A. Making hedgerows pay
their way: the economics of harvesting field boundary hedges for bioenergy. Agrofor. Syst. 1-13 (2021).
Crossland, M. Growing Local Energy: The carbon sequestration potential of hedges managed for woodfuel.
(2015).
Wolton, R. The yield and cost of harvesting wood fuel from hedges in South-West England. Unpublished
report to the tamar valley and blackdown hills AONBs. (2012).
Westaway, S. & Smith, J. Productive hedges: Guidance on bringing Britain’s hedges back into the farm
business. 16 (2019).
Caron, C., Lemieux, G. & Lachance, L. Regenerating soils with ramial chipped wood. Publication no. 83.
(1998).
Free, G. R. Soil management for vegetable production on honeoye soil with special reference to the use
of Hardwood. Plant Sci. Agron. 2, (1971).
Westaway, S. Ramial Woodchip in agricultural production. WOOFS Technical Guide 2. 9 (2020).
Wolton, R. The yield and cost of harvesting woodfuel from hedges in South-West England. (2012).
Strategy, D. for B. E. & |. Greenhouse gas reporting: conversion factors 2021. (2021).
Barton, J. & Pretty, J. What is the best dose of nature and green exercise for improving mental health- A
multi-study analysis. Environ. Sci. Technol. 44, 3947-3955 (2010).
Greenstone, M., Kopits, E. & Wolverton, A. Developing a social cost of carbon for US regulatory analysis:
A methodology and interpretation. Rev. Environ. Econ. Policy (2020).
Burke, J.,, Byrnes, R. & Fankhauser, S. How to price carbon to reach net-zero emissions in the UK. Policy
Report, London Sch. Econ. London (2019).
Van Zanten, B. T,, Verburg, P. H., Koetse, M. J. & Van Beukering, P. J. H. Preferences for European agrarian
landscapes: A meta-analysis of case studies. Landsc. Urban Plan. 132, 89-101 (2014).
van Zanten, B. T. et al. A comparative approach to assess the contribution of landscape features to
aesthetic and recreational values in agricultural landscapes. Ecosyst. Serv. 17, 87-98 (2016).
Swanwick, C. Society’s attitudes to and preferences for land and landscape. Land use policy 26, 62-75
(2009).
Van Zanten, B. T. et al. Continental-scale quantification of landscape values using social media data. Proc.
Natl. Acad. Sci. U. S. A. 113, 12974-12979 (2016).
White, P. C. L. & Lovett, J. C. Public preferences and willingness-to-pay for nature conservation in the
North York Moors National Park, UK. J. Environ. Manage. 55, 1-13 (1999).
DfT. Road Lengths in Great Britain 2019 In 2019, the total road length in Great Britain was estimated to
be. (2020).
Analysis, Statistics and Research Branch, Department for Infrastructure. Northern Ireland transport
statistics 2015-2016. 2015 (2016).
World Bank. Urban population data. https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS. (2018).
Engemann, K. et al. Residential green space in childhood is associated with lower risk of psychiatric
disorders from adolescence into adulthood. Proc. Natl. Acad. Sci. U. S. A. 116, 5188-5193 (2019).
Nutsford, D., Pearson, A. L. & Kingham, S. An ecological study investigating the association between
access to urban green space and mental health. Public Health 127, 1005-1011 (2013).
Pretty, J., Peacock, J., Sellens, M. & Griffin, M. The mental and physical health outcomes of green
exercise. Int. J. Environ. Health Res. 15, 319-337 (2005).
Riley, M. & Harvey, D. Landscape archaeology, heritage and the community in Devon: an oral history
approach. Int. J. Herit. Stud. 11, 269-288 (2005).
Davies, H. Tourism and outdoor leisure accounts , natural capital , UK : 2021. 1-16 (2021).
Defra. Enabling a Natural Capital Approach (ENCA). https://www.gov.uk/guidance/enabling-a-natural-
capital-approach-enca (2020).
Holden, J. et al. The role of hedgerows in soil functioning within agricultural landscapes. Agric. Ecosyst.
Environ. 273, 1-12 (2019).
Herbst, M., Roberts, J. M., Rosier, P. T. W. & Gowing, D. J. Measuring and modelling the rainfall interception
loss by hedgerows in southern England. Agric. For. Meteorol. 141, 244-256 (2006).
Jackson, B. M. et al. The impact of upland land management on flooding: insights from a multiscale
experimental and modelling programme. J. Flood Risk Manag. 1, 71-80 (2008).
Merot, P. The influence of hedgerow systems on the hydrology of agricultural catchments in a temperate
climate. Agronomie 19, 655-669 (1999).
Viaud, V., Durand, P., Merot, P, Sauboua, E. & Saadi, Z. Modeling the impact of the spatial structure of a
hedge network on the hydrology of a small catchment in a temperate climate. Agric. Water Manag. 74,
135-163 (2005).

37



110.

m.

12.

13.

14.

15.

6.

n7.

18.

19.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Stratford, C., Miller, J., House, A, Old, G., Acreman, M., Duefas-Lopez, M. A, Nisbet, T, Newman, J.,
Burgess- Gamble, L., Chappell, N., Clarke, S., Leeson, L., Monbiot, G., Paterson, J., Robinson, M., Rogers,
M., Tickner, D. Do Trees in UK- Relevant River Catchments Influence Fluvial Flood Peaks? (CEH Project
no. NEC06063) 2. 46 (2017).

Salvador-Blanes, S., Cornu, S., Couturier, A, King, D. & Macaire, J. J. Morphological and geochemical
properties of soil accumulated in hedge-induced terraces in the Massif Central, France. Soil Tillage Res.
85, 62-77 (2006).

Cullum, R. F,, Wilson, G. V., McGregor, K. C. & Johnson, J. R. Runoff and soil loss from ultra-narrow row
cotton plots with and without stiff-grass hedges. Soil Tillage Res. 93, 56-63 (2007).

Lin, C, Tu, S., Huang, J. & Chen, Y. The effect of plant hedgerows on the spatial distribution of soil
erosion and soil fertility on sloping farmland in the purple-soil area of China. Soil Tillage Res. 105, 307-312
(2009).

Holden, J. et al. The role of hedgerows in soil functioning within agricultural landscapes. Agric. Ecosyst.
Environ. 273, 1-12 (2019).

Energy & Climate Intelligence Unit. Flood risk and the UK. (2020).

Environment Agency. Investing for the Future. Flood and Coastal Risk Management in England. (2009).

Pitt, Michael. Learning Lessons from the 2007 Floods. (2017).

Kay, S. et al. Agroforestry is paying off — Economic evaluation of ecosystem services in European
landscapes with and without agroforestry systems. Ecosyst. Serv. 36, (2019).

Giannitsopoulos, M. L. et al. Whole system valuation of arable, agroforestry and tree-only systems at
three case study sites in Europe. J. Clean. Prod. 269, (2020).

Crous-Duran, J. et al. Quantifying regulating ecosystem services with increased tree densities on
European Farmland. Sustain. 12, (2020).

Hewitt, C. N., Ashworth, K. & MacKenzie, A. R. Using green infrastructure to improve urban air quality
(Gl4AQ). Ambio 49, 62-73 (2020).

Tomson, M. et al. Green infrastructure for air quality improvement in street canyons. Environ. Int. 146,
106288 (2021).

Voordeckers, D. et al. Guidelines for passive control of traffic-related air pollution in street canyons: An
overview for urban planning. Landsc. Urban Plan. 207, 103980 (2021).

Buccolieri, R., Santiago, J. L., Rivas, E. & Sanchez, B. Review on urban tree modelling in CFD simulations:
Aerodynamic, deposition and thermal effects. Urban For. Urban Green. 31, 212-220 (2018).

Huang, Y. et al. A review of strategies for mitigating roadside air pollution in urban street canyons.
Environ. Pollut. 280, (2021).

Abhijith, K. V. et al. Air pollution abatement performances of green infrastructure in open road and built-
up street canyon environments — A review. Atmos. Environ. 162, 71-86 (2017).

Barwise, Y. & Kumar, P. Designing vegetation barriers for urban air pollution abatement: a practical
review for appropriate plant species selection. npj Clim. Atmos. Sci. 3, 1-19 (2020).

Blanus$a, T., Qadir, Z. J,, Kaur, A, Hadley, J. & Gush, M. B. Evaluating the effectiveness of urban hedges as
air pollution barriers: Importance of sampling method, species characteristics and site location. Environ.
- MDPI 7, 1-21 (2020).

Hofman, J. et al. On the relation between tree crown morphology and particulate matter deposition on
urban tree leaves: A ground-based LiDAR approach. Atmos. Environ. 99, 130-139 (2014).

Gosling, L., Sparks, T. H,, Araya, Y., Harvey, M. & Ansine, J. Differences between urban and rural hedges in
England revealed by a citizen science project. BMC Ecol. 16, 45-55 (2016).

Defra. Air quality appraisal: damage cost guidance. (2021).

Mathews, F.,, Lovett, L., Rushton, S. & Macdonald, D. W. Bovine tuberculosis in cattle: Reduced risk on
wildlife-friendly farms. Biol. Lett. 2, 271-274 (2006).

Defra. The Greenhouse Gas Action Plan for Agriculture - Review 2016. (2017).

For ORC’s technical appendices
to this report, see cpre.org.uk/ORC21

38



https://www.cpre.org.uk/ORC21




Join in: cpre.org.uk

The Campaign to Protect Rural England is a company limited by guarantee
Registered in England number: 4302973 Registered charity number 1089685 ’ The

countryside
charity




