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1. Executive summary

Hedges are key semi-natural features in agricultural landscapes and increasingly
recognised for their contributions to biodiversity and carbon storage, as well as to
wider ecosystem services. As a consistent focus of agri-environment schemes (AES)
since their inception, it is important to understand how this has impacted on their
extent and condition in the context of wider changes in hedge extent and condition.
This piece of research addressed the following objectives with the aim of ensuring
effective targeting of future AES for hedges:

1.1 Objectives

To analyse and compare data from spatially representative field surveys in 2022 and
airborne lidar (gathered 2016-2021), to enable an evaluation of lidar use in providing
information on current status and changes in hedgerow extent and condition.

To explore geographic differences in the uptake of AES options over time and
identify potential drivers of that uptake. This included an exploration of farmer’s
attitudes and motivations for option uptake and non-uptake.

To put the uptake of hedgerow options in Environmental Stewardship (ES) and
Countryside Stewardship (CStew) - by option type and location — into context, taking
into account the past and current extent and quality of hedgerows across different
landscapes/geographic areas. This included providing data on current extent and
quality of hedgerows from a repeat Countryside Survey (CS).

To identify the extent to which AES have contributed to changes in hedgerow length
and quality since 2005.

To gain a greater understanding of the priorities for creation, restoration and
management of hedgerows, in particular by identifying areas/landscapes where
future hedgerow planting, restoration and management could be focused to optimise
benefits for the environment and contribute towards Favourable Conservation
Status (FCS) of hedgerows.

The research evolved from a pilot project investigating the potential use of lidar for
recording current hedgerow extent and condition and changes in these. Early results
showed that there were several constraints to the use of lidar, not least current field
data (for calibration and validation) on the extent and condition of hedges.

The pilot project led to a wider project which included a repeat survey of hedges in
the GB Countryside Survey squares to update the results from 2007 and provide
updated nationally representative information on the current extent and condition of
hedges as well as on changes in these since 2007. The survey was also used to
provide calibration/validation data for lidar data capturing woody linear features, to
inform on what aspects of these features could be reported using lidar data. Overlay
of AES information for CS squares enabled an evaluation of the impacts of AES
options on hedgerows in CS squares, as compared to hedgerows not under options.
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Other aspects of the research aimed at addressing the objectives above included a
spatial analysis of Natural England (NE) data on scheme uptake in the context of the
current extent and condition of hedgerows and an online farmer/contractor
questionnaire.

1.2 Findings

The geographic spread of AES hedge option uptake in relation to the extent and
condition of hedgerows in England was investigated at the ITE landclass scale for 4
periods from 2007 to 2022. These analyses show the rise and subsequent fall in
Environmental Stewardship (ES) coverage and its replacement by Countryside
Stewardship (CStew) which did not contain as many equivalent hedge management
options. There was a decrease in the uptake of hedge management options
particularly in the east and south of England following the end of Environmental
Stewardship. Potentially the inclusion of hedges in AES in these areas had been
essential for scoring sufficient points to qualify for scheme entry without losing
(arable) cropped area. Aligned with a loss of management options in the east and
south of England was a clear increase in hedge planting under Higher and Mid-Tier
options and Capital Grant schemes in ES and CStew between 2007 and 2022,
particularly in the east and northeast of England. These areas have relatively lower
extents of hedges compared to the west and southwest of England, where planting of
hedges is limited by the high extent of existing hedges (as reported in the farmer
survey). In contrast, restoration options under Higher and Mid-Tier options and
Capital Grant schemes were favoured in the west of England where hedge density is
highest. These areas are dominated by grassland and livestock farming where
hedgerows are valued for retaining stock and providing shelter for animals (as
reported in the farmer survey).

Results from an analysis of AES data in the context of CS data from 2007 indicated
that hedges entered into AES tended to be in reasonable condition, e.g., the areas
with most gaps constituting less than 25% of the hedge (as opposed to more than
25%) were most likely to have a high uptake of planting and restoration options.
Results from the farmer questionnaire, showed that planting of hedgerows is not
restricted to AES and that many non-governmental organisations (e.g. Woodland
Trust) and other organisations provide funding and support for tree/hedge planting.

A repeat survey of the Countryside Survey (CS) squares, last surveyed in 2007, was
carried out to provide information on 1) how hedges and lines of trees differ in their
extent and quality across landclasses in England, 2) changes in these features since
2007 and 3) the potential role of AES in any differences or changes.

National estimates of the extents of both managed hedgerows (woody unnatural
shape) and lines of trees (woody natural shape) showed no significant changes
between the current 2022/3 survey and the previous 2007 survey. The longer-term
trends for a small decrease in the extent of managed hedges and a small increase for
lines of trees was continued in 2022/3. A shift from managed hedges to lines of trees
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was consistent across all landclasses in England. Where woody features are already
relatively sparse, particularly in the north and the midlands the impact had a
proportionally larger effect on remaining lengths of managed hedgerows, hence the
increased planting in the northeast found from analysis of the AES data is a positive
finding. There were some positive signs that newer AES are supporting more
restoration and planting of hedges. However, overall, our results suggest that
between 2007 and 2023 AES did not prevent the deterioration of managed
hedges into lines of trees. Hence, they did not contribute to achieving the
Favourable Conservation Status goals of increasing the extent of the hedgerow
network. As well as insufficient planting of new hedgerows, this is likely to
result from a lack of long-term management cycles (restoration) for existing
hedges.

Species composition of managed hedges differed by landclass with hedges in the south
dominated by more mixed species than those in the midlands and the north (which are
more hawthorn dominated). Hedgerow height increased slightly overall between 2007
and 2022/3, In 2007 most hedges were in the 1-2 m category, in 2022/3 there were
more hedges >2 m in height. Overall, the lengths of hedges greater than 4 m in height
were considerably higher than those less than 1 m in height for all but 5 of the 21
English landclasses. Hedges under AES options (either management or restoration) in
the latest survey were on average 0.2 m taller than those not under AES management.
The majority of hedges in 2022/3 were between 1 and 3 m wide, around 10% of hedges
in the south-west landclass 6e were over 3 m wide.

The most widespread management recorded for mapped hedges was recent cutting
with a flail. This was slightly greater for hedges not in AES (79.7%) than for those under
AES management options (71.6%). Average woody species richness did not
change between 1998 and 2022/3 and was not affected by AES options.
Herbaceous species richness (in the hedge base plant community) decreased
slightly from 2007 to 2022/3, continuing a longer-term trend from 1990. This did
not differ between hedges under AES options and those not under AES.

Overall, the results indicated that hedgerow condition improved between 2007
and 2022/3 and that AES had a positive impact on hedge condition. Whilst
hedgerows in England fall well short of meeting Favourable Conservation
Status for habitat quality (95% of features in good condition), there are positive
signs that engagement with AES will help to progress towards this target.
Management and restoration to improve quality remain a priority for hedgerow
conservation and policy. The percentage of hedges in England meeting structural
condition criteria increased by 12% (2007: 43.1%, 2022/3: 55.2%). There was a
greater increase in hedges meeting both structural and margin condition criteria
between the two surveys, though over half of hedges surveyed still failed to reach
good condition in this combined category (2007: 14.4%, 2022/3: 40.2%). A greater
proportion of hedges under ongoing AES management options were in good
structural condition (63.5%) than hedges not in AES (46.8%) in 2022/3. This
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appeared to be due to increased width under management (and hence
crosssectional area) and wider margins. A lower proportion of hedges under
restoration options met structural condition criteria (31.6%). This is not surprising
given the mapped hedge data showed more than half of these hedges were yet to be
restored, and that these options within Countryside Stewardship and Environmental
Stewardship target hedges in poor condition. Condition data indicate that AES may
be part of the reason for improvements in hedgerow condition. However, it is possible
that other initiatives, including the NFU campaign for Net Zero which encouraged
farmers to grow wider hedges! may have also played a role.

The farmer survey indicated a desire from farmers to maintain their hedges both for
farming purposes (to contain stock and improve welfare) and for wildlife.

Participants with hedges in AES were more likely to manage their hedges with a
combination of laying and cutting than those with no hedges in current AES,
who were more likely to use a flail. Annual cutting of some hedgerows on the farm
was the most common management (47%) with annual cutting of all hedgerows at
25%. Participants who were not in current AES were less likely to have restored a
hedge than those in AES. Farmers reported an ongoing need for adequate
financial costs for planting, establishment, restoration and ongoing

management of hedges (including labour).

The substantial response we had from contractors to the survey highlighted that this
group do not get adequately consulted. Contractors have more responsibility for
hedge management than any other group (including farmers). They told us that the
agri-environment schemes had been designed without their input and reported
numerous issues with managing hedges as per prescriptions, including impacts on
machinery, time taken, land access issues due to timing and business viability
(reduced regular work).

Both surveys highlighted the importance of consultation with the appropriate
groups in scheme design including contractors. They also highlighted the
potential advantages of investing in farmer or contractor training in hedgerow
management or knowledge exchange in line with prescriptions. This could include
passing on research evidence and practical guidance from experienced hedge
restorers to broaden the knowledge base on hedge rejuvenation and restoration and
effective planting and subsequent management. Contractors could play a key role in
achieving FCS for hedgerows, thereby sustaining their businesses and enhancing the
farmed environment.

The repeat of the Countryside Survey, together with the work carried out to
investigate its use alongside lidar data emphasise the key importance of
longterm nationally representative datasets. Neither CS hedgerow data collection

1 National Farmers Union. (2019). Achieving Net Zero: Farming's 2040
goal. https://www.nfuonline.com/nfu-online/business/regulation/achieving-net-zerofarmings-2040-goal/
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nor lidar collection are currently part of ongoing funded monitoring programmes.
Whilst new data will be collected in the England Ecosystem Survey (EES), it’s
compatibility with CS and its robustness (volume and representativeness of data) are
yet to be tested. A strategic monitoring programme combining sample based and
national extent data (lidar) is essential to track ongoing changes in hedgerows and in
the success of AES in helping to achieve Favourable Conservation Status. As well
as this, AES databases that can be easily interpreted, queried and integrated
with external data are of key importance.
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2. Introduction and project overview

Hedgerows are the most significant semi-natural landscape features in our
agricultural habitats; they were listed as a habitat of principal importance for
biodiversity conservation under Section 41 of the Natural Environment and Rural
Communities (NERC) Act 2006 (England) and remain one in 20222. As well as
providing vital habitats for biodiversity in their own right (Staley et al. 2020), they are
also important for the connectivity of landscapes and as a carbon store (both above
and below ground, Biffi et al. 2022, 2023). Information on their current status and
condition and how they relate to historic status (as measured in Countryside Survey
2007 (CS2007) and previous surveys dating back to 1978) is lacking. Hedgerow
structural condition, largely determined by management, is known to be key in
supporting a range of plant and animal taxa (Graham et al. 2018), yet CS2007 found
nearly half of GB hedges were in poor condition (Carey et al. 2008). Hedgerow
management has been a key aspect of agri-environment schemes (AES) since they
were first introduced and has attracted high levels of uptake and hence considerable
government investment (Hodge et al. 2010, Staley et al. 2012). It is important to
understand how this level of investment relates to changes in hedgerow extent and
condition at both national and regional scales. The attitudes and motivations of
farmers are essential factors influencing hedgerow management, as has been found
in previous studies (Britt et al. 2000). Understanding how these may be contributing
to change in hedge extent and condition is critical for ensuring positive change in the
future.

This project assessed how Environmental Stewardship (ES) and Countryside
Stewardship (CStew) have influenced the current extent and quality of hedgerows,
within the wider context of English hedgerows. The initial project included a scoping
component which explored the efficacy of different approaches for measuring change
in the extent and condition of English hedgerows. For many decades the GB
Countryside Survey (a field-based survey; CS) has been the only dataset available
for tracking changes in hedgerow extent and condition. More recently other possible
datasets have emerged, namely those derived from Earth Observation (EO) data. In
2016 a woody linear feature framework for GB was released? (Scholefield et al. 2016)
which used aerial imagery in combination with a spatial framework informed by CS
field data. In 2017 a hedgerow data product developed by OS (Ordnance Survey) for
the Rural Payments Agency, to enable checks on AES claims was completed. In
2024 UKCEH produced a lidar based product using Environment Agency (EA) lidar
data collected up to 2021 for England (Broughton et al. 2024). This project explored
the use of both field (CS) and EO data for reporting on hedgerows.

2 https://www.gov.uk/government/publications/habitats-and-species-of-principal-importance-inengland#full-
publication-update-history
8 https://catalogue.ceh.ac.uk/documents/d7da6cb9-104b-4dbc-b709-¢c1f7ba94fb16
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Task 1 explored the potential use of lidar data for monitoring hedgerows, through
comparison with Countryside Survey (CS) field data (Section 3 below). One key
constraint of that work was the difficulty of getting adequate coverage of lidar data
that were collected at the time of the CS2007 field survey. The release of a new
comprehensive England-wide lidar product in 2022, comprising data collected over a
short time-period across 2016-2021 and a pilot field survey in 2022 (comprising 37
CS squares) enabled a reasonably concurrent comparison of datasets, reported on
here.

Task 2 of the project followed the Task 1 scoping study and involved refining the
design and costing for a set of approaches for effectively extending the CS timeline of
hedgerow change and gathering data on impacts of AES.

Task 3 involved the implementation of the chosen approaches. The approaches
chosen included both i) an initial pilot survey of 37 CS squares containing hedges in
England in 2022 and ii) a complete re-survey of all other CS squares with hedges in
England (211, making 248 squares in total) in 2023. The pilot study both trialled the
field survey (methods and costs) and evaluated the potential of the data collected,
alongside lidar data from Task 1, to provide sufficient information to evaluate; 1)
contextual change in hedges and 2) the impacts of AES on change (section 5). A field
survey of hedges in the remaining squares containing hedges (211) in England took
place in summer of 2023. The results of the full re-survey of CS squares, an analysis
of state and change in the extent and condition of hedges to 2023 and an evaluation
of the impacts of AES on hedgerow change comprised Task 5 (reported in Section 5).
To enable the evaluation of the impacts of successive AES on hedgerows between
2007 and 2023, we worked with NE to identify where ES (2005 onwards) and CS
(2015 onwards) options were taken up on hedgerows in CS squares (Section

5).

Task 4 of the project explored the geographical extent of AES uptake (historic and
current) in relation to the spatial extent and condition of hedges. This included an
analysis of uptake data (grouped into management, restoration and planting options)
alongside hedgerow extent data as estimated by lidar (Broughton et al 2024) and CS
data on hedgerow extents in 2007 (expressed as length per km square).CS 2007
data on hedgerow favourable conversation status condition criteria (height categories
and gappiness) were also mapped. This analysis provides spatial data for identifying
the factors which influence AES hedgerow option uptake (Section 4).

Task 6 focused on understanding the barriers and motivations to farmers taking up
options on hedgerows under AES. This research was carried out through online
surveys of both farmers and contractors. Interestingly, although the research
originally aimed to target a larger sample of farmers and a smaller sample of
contractors, more responses came from the contractors. Co-incidentally, the Council
for Protection of Rural England (CPRE) had commissioned a survey through Farmers
Weekly to gather information on how farmers view their hedgerows and how they
manage them on their farms shortly before UKCEH were about to put out their
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survey. The CPRE survey covered over 1000 respondents and aimed to understand
how best to incentivise farmers and landowners to enhance hedgerow networks
through AES. The UKCEH survey was thus adapted to complement rather than
repeat the CPRE survey and to gain a better understanding about the current status
of their hedgerows and their management of them, both under AES and outside of
them. The CPRE kindly allowed access to their data and therefore, where sensible,
survey results are compared (Section 6).
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3. Scoping pilot field survey and lidar
data

This work was undertaken as part of an exploration of the potential for lidar to provide
relevant and adequate information on hedges to inform policy around their
management, i.e., the following objective:

« To analyse and compare data from spatially representative field surveys in 2022 and
airborne lidar (gathered 2016-2021), to enable an evaluation of lidar use in providing
information on current status and changes in hedgerow extent and condition.

It followed from a small research project (preceding this contract) which investigated
whether lidar could be used to look at changes in hedges between 2005 and 2021.
That project concluded that a lack of lidar data for 2007 (when field recording of
hedges in Countryside Survey (CS) was last carried out) and a lack of current field
data on hedges (with which to calibrate/validate the lidar data) made the use of lidar
impractical for this purpose. The repeat of CS, which was part of the contract
reported on here, provided an opportunity to explore the potential use of two
relatively contemporaneous datasets, one field based and one lidar, to provide
national information on hedges.

3.1 Creating a lidar linear woody network for England

3.1.1 Introduction

Between 2016 and 2021 the EA completed a national lidar programme that provides
standard 1-m resolution raster products for the whole of England (with some small
gaps). This provides a uniform national lidar product at moderate 1-m resolution,
derived from a lidar point density of approximately 1 per metre. The vertical resolution
of the data is 1 cm, with a reported accuracy of under 15 cm for solid surfaces. The
lidar data were collected from an aircraft-mounted platform during mostly leaf-off
conditions during autumn and winter, which was optimised for the EA's requirements
to observe land surfaces and water channels under minimal obscuration from tree
canopies or summer vegetation.

Despite some limitations, these data are by far the best option for integration with a
national mapping project such as CS, offering consistent national coverage and
supporting the EA’'s ambition of future re-surveys. The EA lidar data are aligned to the
Ordnance Survey spatial framework, so are highly compatible with OS mapping and
derived products.

The collection of pilot field data from 37 1 km squares in 2022 (details in Annex 2)
enabled an evaluation of relatively closely temporally aligned data from both the CS
field data and the Environment Agency (EA) lidar data.
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3.1.2 Methods
3.1.2.1 Identifying linear features from the EA lidar data

The full EA lidar coverage for England was obtained as a pre-processed canopy
height model (CHM) 1-m resolution raster, predominantly in 25 x 25 km tiles. This
required 350 GB of storage of the GeoTIFFS. The CHM is derived by subtracting the
digital terrain model (DTM), which depicts the elevation of the ground surface, from
the digital surface model (DSM), which depicts the elevation of the features in the
landscape, such as vegetation or buildings. The CHM therefore smooths out the
ground elevation and leaves the heights of features on a flat plane, such as trees,
hedgerows and buildings.

A workflow was developed on a subset of data before scaling up to 37 CS squares
that were surveyed in 2022 (Annex 2) and fell within the coverage of the EA lidar.
Scaling up the processing required extensive computing power, and the JASMIN
supercomputer was utilised for this purpose. The workflow involved a series of
standard GIS processes, predominantly buffering and masking, to extract height
values from the CHM that were most likely to represent linear woody features.

The existing CS linear framework is not seamlessly compatible with the lidar, due to
variable spatial misalignment between CS, EA lidar and Ordnance Survey
frameworks. All of these datasets have some inherent spatial inaccuracy (typically in
the range of metres) that is compounded when they are combined or compared. A
suitable spatial framework that is freely available can be derived from the UKCEH
Land Cover Map (LCM, Morton et al. 2021). This framework is ultimately derived from
Ordnance Survey data but is sufficiently modified during processing to be a unique in-
house product. The LCM framework delineates parcels of different land use
classification, typically following natural and anthropogenic boundaries, such as
roads, woodland edges, fields and water bodies. As such, the LCM 2020 framework
provides a useful base on which to create a woody linear network from EA lidar data,
which should not be very dissimilar from the framework used by Countryside Survey.

Due to the ‘noise’ and complexity of features in towns, villages and hamlets, those
areas defined as urban or suburban classifications in the LCM 2020 were masked
out, to exclude them from analysis. Similarly, polygons classified as woodland in LCM
2020 were also masked. This meant that the lidar analysis would aim to depict linear
woody features in rural but non-woodland areas.

Briefly, the processing workflow for extracting linear features from the EA lidar CHM
are as follows:

1. CHM height values were filtered to remove values <1 m tall. This removed
ground vegetation and noise.

2. Reclassify remaining CHM values into height categories used for CS linear
features, as shown in Table 3.1. This filtering and reclassification gave a rough
depiction of hedgerows and non-woodland trees in raster format.
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Table 3.1. Height categories used to reclassify CHM raster values to match CS.

Original height values (m) New classification
1.00-1.99 1
2.00-2.99 2
3.00 - 3.99 3
4.00-5.99 4
6.00 > 6
3. These data were then converted to vector polygons and smoothed to reduce

the complexity.

4. The vector polygons were then snapped to the LCM 2020 linear framework,
which acted as a network on which to project the height value polygons. A20 m
tolerance was used around the LCM 2020 framework, to allow for mapping
inaccuracy, which essentially reclassified the boundaries in the LCM framework as
linear woody features where these occurred coincidentally or close by.

5. The line features in the LCM framework then become segmented into the
height classifications (Fig. 3.1).

6. An algorithm estimated whether linear features were single lengths or double
lengths (such as a hedgerow on either side of a lane) based on the lidar features.
This was applied to the feature attributes and created the final lidar linear woody
features (WLF) model.

Height class (m)
Unclassified
—1
2
3
—
—_—

Woodland/urban mask
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Figure 3.1. Two examples of CS squares with a linear woody features model derived
from EA lidar using the LCM 2020 framework. Unclassified linear features are those
below 1 m in height. Height classes reflect the minimum height of each class (m).

3.1.3 Results
3.1.3.1 Comparison between lidar woody linear model and Countryside Survey

Feature lengths

To assess the linear woody network of 37 CS squares against the lidar WLF, we used
spatial analysis to make a direct comparison of the relative lengths and height
classes of features between both datasets. In effect, the CS data were used to
‘ground truth’ the lidar WLF, although it is important to note the caveats of CS, which
has its own inaccuracies, differences and generalisations deriving from its
methodology and spatial mapping. Nevertheless, a close agreement between
datasets would mean that the lidar WLF model has the potential to complement or
replace some CS monitoring.

The comparison was made by designating the CS as the primary data, and then
seeing how well the lidar WLF matched it. There was a reasonable agreement
between the two datasets, but with some obvious differences (Fig. 3.2). Notably, the
CS data contained features that fell within the woodland and urban mask, which was
explicitly excluded from the lidar WLF model. Although in CS surveyors are asked not
to map features which are in the curtilage of ‘urban’ areas or those that border
woodland, interpretation of this on the ground is clearly different to that from the EO
data.

To quantify the agreement between datasets, a 20 m buffer was set around the linear
features that were surveyed in 2022 in the CS squares, which acted as the tolerance
for a match if any lidar WLF were within that range. Across each of the 37 CS
squares, the overall summary length of matching linear features was compared
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between datasets. The percentage agreement between summary feature lengths
across all squares for the CS and lidar WLF model was generally reasonable, and
this was improved if only comparing features from both datasets that occurred
outside of the woodland/urban mask (Table 3.2). The discrepancy between datasets
was largely due to the lidar WLF model underestimating or not detecting features,
rather than over-estimation, and false positives were rare.

Linear feature dataset
Unclassified
=== Countryside Survey

= LiDAR WLF model

Woodland/urban mask

Figure 3.2. A general comparison between woody linear features in the CS and lidar
WLF model, showing a general broad agreement across most features. Note the CS
features within the woodland/urban mask, which was excluded from the lidar WLF
model.

Table 3.2. Comparison between linear feature lengths in the CS and lidar WLF
models, summed over 37 CS squares. Values given are the sum lengths of features
across all 37 squares, the means with standard deviations, and the percentage
agreement of the lengths in lidar WLF model compared to CS (within a 20 m
tolerance of CS features). The agreement is corrected for over-estimation by
subtracting features in the masked areas.

Length (km) Countryside Lidar WLF model % agreement
Survey

All features sum 232851 181683 78.0

Mean (SD) 6004 (2937) 4781 (2611) 75.5 (16.0)
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All features 213907 181683 84.9
(excluding masked
areas) sum

Mean (SD) 5629 (2703) 4781 (2611) 78.7

As can be seen from Table 3.2, the improvement in agreement across all features
and squares when comparing only like-for-like areas, i.e., outside of the masked
woodland/urban areas, gave good results (Fig. 3.3). A 78-79% agreement in metrics
between remote sensing and ground surveys can be considered as successful.
Essentially, this showed that the summary lengths of woody linear features could be
detected by lidar to a similar, but slightly lower extent as for CS. This would allow a
reasonably comparable assessment of the sum length of linear woody features using
either method, which could potentially be used to detect broad changes in overall
length at a per-square or national scale. It is likely that the lidar assessment would be
an under-estimate given 1) that it would (probably need to) screen out areas in which
CS does record and 2) it may not capture double features (either close together or
co-located, e.g., a line of trees or individual trees above a hedge).

Linear feature dataset
Unclassified
=== Countryside Survey

——— LiDAR WLF model

Woodland/urban mask

Figure 3.3. A general comparison between woody linear features in the CS and lidar
WLF model excluding those CS features within the woodland/urban mask, which
gave a significantly better agreement compared to Figure 3.2 (see also Table 3.2).
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Feature heights

Height values were more difficult to compare, as the lidar WLF model was at a much
greater precision than the CS. In the lidar model, this allowed the depiction of height
class variation over short stretches within a longer linear feature, such as taller parts
of a hedgerow or small hedgerow trees emerging above the hedge canopy. Variation
in a single CS feature (i.e., a woody linear feature in which trees take their natural
shape (line of trees) or a woody linear feature in which trees do not take their natural
shape (hedge)) would likely be generalised to a single height class for each feature
on visual assessment by a surveyor, as the measurement and reporting of this
detailed variation would be impractical during a field survey. However, field surveyors
would record the presence of these features separately and of individual trees within
a hedge, even if they were co-located, so the way in which the data is captured would
be different and would provide different information.

Height classes of features were compared by identifying the central point of each
separate stretch of classified feature in the lidar WLF model and comparing its height
class against that of the corresponding CS feature, i.e., the adjacent line feature
within the 20 m tolerance. The timing of data collection varied between CS and the
EA lidar, with up to 5 years difference, and so a high proportion of exact matches
were not expected. As such, a tolerance of a height class either side of the CS
feature’s class was also quantified in the lidar WLF model.

The results of the feature height class comparison (Fig. 3.4) show that there was
indeed a relatively low rate of exact matches between features (27% overall). The
percentage of matches using the class tolerance (accepting one class above or
below) was moderate at 60% overall, although all categories had a match better than
50%.
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B Exact class match O Tolerance of 1 class above/below

Figure 3.4. The match between the height class of individual segments of linear
features in the lidar WLF model compared to the corresponding linear feature in the
CS data. Included are an exact match of height classes between features, and also a
tolerance of one class above/below for the lidar WLF. Comparisons are for 4846
individual features.
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Figure 3.5. The match between the dominant height class of linear features in the
lidar WLF model compared to the corresponding linear feature in the CS data.
Included are an exact match of height classes between features, and also a tolerance
of one class above/below for the lidar WLF. Comparisons are for 1006 individual
features.

An improvement in height comparisons were made when the linear features in the
lidar WLF model were de-segmented to remove the fine-grained variation, and
instead the dominant height class (based on greatest length) among the individual
segments was applied to the entirety of each longer feature, similar to the more
generalised classification in the CS (see Fig. 3.1). These results (Fig. 3.5) showed
the exact match had now improved to 38% overall, with an improved match of 68%
where a tolerance of one class above/below was allowed.

In both assessments of height class matching, the best agreement tended to be
shorter hedges in height class 1 (i.e., up to 2 m tall), and also in the tallest class 6
(i.e., over 6 m tall). Respectively, these classes would generally correspond to
managed farmland hedges of 1-2 m tall and tree lines of 6 m and taller, although
together these only accounted for about 40% of all CS features that were assessed.

Other condition metrics

The lidar WLF model was not tailored to assess gappiness in hedgerows, and this
was not assessed directly in this trial. However, the results show that the model
should be able to achieve a metric of gaps in linear features, if the adequate data
queries were set up. Specifically, the high precision of the height classes meant that
fine grained variation in height was detectable, which could include gaps greater than
approximately 15-20 metres. This does not fit with the <5 m condition criteria for
hedges used by the Hedgerow Action Plan (now Hedgelink) group (Staley et al.
2020). Issues regarding the height and type of vegetation between hedge
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components and within the 20 m tolerance affect the possibility of assessing gaps <5
m.

Feature width was also not assessed, and this would be unrealistic with the current
lidar data that was at 1 m resolution. This resolution would be too coarse to detect
width except a very broad categorisation of very wide features (in the tens of metres,
such as mature tree lines) and narrow features, such as managed hedgerows.
However, these features would be better indicated by the height class in any case,
and so deriving width from the current data would be rather redundant.

3.1.4 Discussion

Creating a lidar WLF model presents significant challenges in data handling, storage
and processing. The use of large storage capacity and advanced data processing
with JASMIN gave the capability for national, high-resolution modelling.

For the assessment of the basic metric of linear feature presence and length, the
model had good agreement with the CS field data, at around a 79% match in
summary length per 1 km square. On a basic level, this gives strong support for the
use of the EA lidar for quantifying the distribution of linear woody features at a
national (England) scale.

However, the lidar model had limitations in its coverage within squares, such as the
masking of woodland and urban polygons from the Land Cover Map that obscured
about 8% of the CS feature lengths. As such, a transition towards using lidar to
extend and support field survey would have to involve a re-assessment of which
areas and features within existing CS squares could continue to be monitored.

Using a spatial framework of a linear network on which to base the model also means
that the lidar is unable to easily handle double hedgerows, such as either side of a
road or lane. This was handled in the current model by assigning a ‘double hedgerow
tag to single linear boundaries, where CS recorded double features in the training
data, but this was only partially successful, i.e., in testing, the model was unable to
consistently recognise where double features occurred. Further limitations occur
where the canopy of double hedges meets to form a single thick feature when viewed
from above, or when lines of trees and hedges are co-located. There is no simple
way that the current lidar data can overcome this problem, although future availability
of high-density point clouds would probably offer a solution (but would dramatically
increase the data storage and processing issues).

The height comparisons between CS and the lidar WLF model showed less
agreement than for length. This was perhaps predictable to some extent, as there
was a time difference between data collection that could have produced real
differences due to cutting regimes or growth. However, the height classes were quite
broad (several metres), and even giving a wider tolerance of including the class
above/below the target still only produced agreement of around 60% on average.

Taller and short features showed the greatest agreement, possibly because their real
heights were likely to change the least.
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The comparison of height classes encompassed significant uncertainty. Firstly, there
was uncertainty in the lidar data, and whether the feature height was adequately
represented during leaf-off conditions when the targets present a more diffuse
surface. The woody density of closely trimmed hedges would provide a relatively
dense surface to intercept the lidar laser pulse, but young trees would be largely
invisible at a 1 m resolution if they had shed their leaves.

Furthermore, the CS height data may not have been ideal for ground truthing the lidar
model, as single long features tended to be assigned with a single height class for
their entire length, reducing the precision and complexity detected with lidar. In this
sense, the lidar had more precision than the CS, but it is a matter of debate over
which dataset was the more accurate at the time of data collection. Ideally an
exercise which directly compared field measurements of hedge height with
simultaneous lidar measures should be carried out to better relate these two
measures, noting that hedge height changes regularly.

The differences in timing of data collection, detection and recording would have
produced additive compounding differences that would have manifested themselves
in the apparent mismatch. Despite this, the overall result for feature detection and
length summary, and, to a lesser extent, height classification, was perhaps quite
promising. However, it is clear that lidar data cannot simply ‘take over’ from the
manual CS to produce a seamless continuity. Instead, the metrics and baselines
collected would need to be adapted to the strengths and capability of the lidar data
and associated modelling, although continuous improvements can likely be expected
over time.

Consequently, adoption of lidar based monitoring would also likely involve
establishing a new or adapted methodology for CS that diverged from the previous
one. The costs and benefits of this, including a loss of retrospective temporal
comparisons and a potential increase or improvement of the precision and detail of
some available metrics would have to be taken into consideration.

Analyses of change in hedgerow condition will require data for a range of attributes
(Staley et al. 2020), some of which require ongoing field survey to collect (e.g.,
nonnative woody and herbaceous species (see Section 5)). While the analysis above
applies to estimates of hedgerow extent and height, and potentially gappiness, lidar
data cannot support a full analysis of hedgerow condition.

Finally, although lidar offers substantial benefits for large-scale hedgerow monitoring,
field survey remains the only assured repeatable method of monitoring until
considerations of repeat lidar surveys are resolved. However, developing the
lidarbased approach as a baseline framework, alongside continued field survey,
would allow for future calibration, integration and potential transition to new
methodologies. It is important to note that lidar is only viable as an ongoing hedgerow
analysis tool if there are repeat national surveys by the Environment Agency (EA) on
a regular basis (e.g., every 5 years). The EA has ambitions for such a rolling
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programme, and there would undoubtedly be demand from a wide user base (e.g.,
forestry, academic community), but this is dependent on national funding.

3.2 Release of an England lidar-derived hedgerow
map since scoping work was undertaken

UKCEH released a map of hedgerows in England in January 2024, derived from
Environment Agency lidar data (Broughton et al. 2024). The map data are available
here:

https://catalogue.ceh.ac.uk/documents/d90a3733-2949-4dfa-8ac2-a88aef8699be

Initial scoping and method development for the use of these data for mapping hedges
was undertaken partly under this project (and under National Capability funding
through UKCEH) in 2022, as reported above, and tested against field mapped data
from 37 of the CS 1 km squares that were surveyed during a pilot in summer 2022
(see Annex 2 for pilot survey details). The scaling up and processing of lidar data to
produce a full national map was then completed under a separate project (see
supporting information in Broughton et al. 2024 for full details). Use of the LCM 2020
framework enables any newly created lidar woody linear network to fit seamlessly
into the established UKCEH family of spatial products, including the regularly
updated time series of Land Cover and Crop Maps.

3.3 Potential future work

Temporal consistency in data is a key challenge to ‘ground-truthing’ lidar data. Since
this scoping work was undertaken with field data from the 37 pilot survey 1 km
squares visited in 2022, a further 211 squares had field data collected in 2023. There
would be potential to ground truth the national lidar dataset released in January 2024
against this larger dataset of field data from 248 squares surveyed in both 2022 and
2023, to derive more accurate estimates of how closely the lidar and CS mapped
hedgerow data agree, notwithstanding the temporal mismatch between the two
datasets discussed above.

In addition, if the EA collect national lidar data again in future, there would be the
potential to produce an updated lidar map and assess change since 2016-2021 when
the existing lidar dataset was collected. Inevitably any such evaluation would need to
incorporate uncertainties within the data resulting from survey timings (e.g., time of
year and/or time of day).
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4. Hedgerow AES option uptake

4.1 Introduction

The aim of this part of the project was to identify the geographic spread of AES
hedge option uptake in relation to current extents of hedgerows and, where
information is available, to the condition of those hedgerows. In doing so, it aimed to
show whether the schemes are addressing a lack of hedgerows or poor hedgerow
condition in particular areas.

Contributing to objective:

« To identify the key drivers behind any geographic differences in the uptake of AES
options.

4.1.1 Hedgerow AES options (2005-2022)

Hedgerow AES options from 2005 to 2022, aimed at improving hedgerow condition
were a key biodiversity delivery mechanism of the schemes. The prescriptions and
management actions required by farmers for most hedgerow options throughout this
time were preserved despite changes from the Environmental Stewardship to the
Countryside Stewardship Scheme. Support for management approaches which
encourage less frequent cutting on a rotation at times that enhance berry or flower
production remained consistent (with only minor changes) across this period.

However, differences in terms of the priorities of the schemes may have impacted on
the uptake of hedgerow options in terms of the number of points available for different
options and the associated levels of funding.

When Environmental Stewardship was introduced in 2005, there was an overall
objective for a unified agri-environment scheme, with a ‘broad and shallow’ tier. This
meant that for Environmental Stewardship and especially Entry Level Stewardship
(ELS) management prescriptions were designed to allow easy access to schemes
and to incentivise participation in them. The widespread adoption of ELS from 2007
which peaked around 2012 included hedgerow options EB1 and EB2 - hedgerow
management for landscape (on single or both sides of a hedge).

As part of a 2010 Government spending review and as a result of findings from
ongoing monitoring, the Making Environmental Stewardship More Effective (MESME
2013) project was commissioned. It looked at improving the effectiveness of
Environmental Stewardship schemes and the outcomes of this were included in
schemes agreed from 2013. Specific changes to hedgerow options included (1) a
new option for small scale hedgerow restoration (inside and outside the Severely
Disadvantaged Area) and (2) a reduction in points for ELS hedgerow management.
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In 2016 Countryside Stewardship was launched; unlike earlier schemes some
aspects of the scheme were competitive, and applications were scored against
criteria, with not every application being guaranteed success. Countryside
Stewardship included Mid and Higher Tier elements alongside 1-2-year capital
grants which included small-scale restoration of boundary features like hedgerows to
a maximum of £5000. Options that were included in ELS (EB1 and EB2) were
subsequently removed from Countryside Stewardship when evidence suggested that
they produced no benefits above management as usual (Staley et al. 2018).

The time series of data covered here do not capture more recent changes to
agrienvironment schemes with the introduction of Environmental Land Management
schemes (ELMS) which have incorporated some novel and complex hedgerow
management standards into the Sustainable Farmer Incentive programme including
annual incremental cutting; leaving hedgerows uncut for longer; assessing and
recording hedgerow condition; maintaining existing hedgerow trees or establishing
new ones.

Three types (or groups) of options are considered here; a) management, b)
restoration and c) planting.

4.1.1.1 Management options

Both Environmental stewardship (Entry and Higher Level) schemes and Countryside
Stewardship options encourage rotational management of hedges with a restriction
on the frequency of cutting. Cutting is also restricted to periods that do not overlap
with the bird breeding season. Management prescriptions of hedgerow with high
environmental value encourage management that supports target species of
farmland birds, insects or mammals, such as the tree sparrow, brown hairstreak and
dormouse. Prescriptions also aim to maintain hedgerows that make a significant
contribution to the local landscape character and/or are historically important
boundaries.

4.1.1.2 Restoration options

Restoration options cover coppicing, laying hedgerow trees/shrubs (Figure 4.7) and
filling in gaps >20 m long in established hedgerows known as gapping up.
Restoration is seen as important in providing stock proofing of boundaries, improved
connectivity by shortening gaps and structural complexity within individual hedgerows
for benefits to biodiversity and carbon sequestration.

4.1.1.3 Planting options

BN11 is the current Countryside Stewardship planting option and is available under
Mid Tier, Higher Tier and Capital Grants. Within prescriptions it is said to be available
for the following criteria:
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+ sites of former hedgerows - as shown on historic maps or other records

» sites where creation would extend or link existing lengths of hedgerow

» sites where creation will help reduce soil erosion and runoff

» sites close to slurry or digestate stores, livestock housing or free-range areas for
poultry or pigs where creation will help capture ammonia emissions

« can only be used when the applicant has “management control” of both sides of
the boundary (Gov.uk BN11).

4.1.2 Data on hedgerows

Data on hedges are used to provide some context around the state of hedges during
the period over which these agri-environment schemes have operated. These data
include the UKCEH Land Cover Plus: Hedgerows 2016-2021 map (England) (UK
Hedgerow Map, see Section 3.2) and data from the CS2007 Countryside Survey.
Both datasets are described below (4.1.2).

4.2 Methods

Analysis of NE data on AES agreements was carried out at the landclass level
because landclasses underlie the Countryside Survey (CS) stratification and
Countryside Survey is one of the key datasets used as context here. In addition, this
project includes a full repeat of the CS2007 hedgerow survey in England.
Landclasses also provide a manageable number of sub-divisions of England by
which data can be viewed. National Character Areas were considered too resolved
given data availability. Landclasses are aggregated groups of 1 km squares with
similar underlying geophysical conditions. There are 21 landclasses in England
(Bunce et al.

2007) although they are not numbered 1-21 for historical reasons (1-13, 15-19 and
22-23 and 25). Data on the extents of features from a national dataset were
compared with option level information from the Environmental and Countryside
Stewardship datasets.

4.2.1 Contextual data for English hedgerows

Comparisons of extents of woody linear features under AES have been made
primarily using the UKCEH Land Cover Plus: Hedgerows 2016-2021 map (England)
(UK Hedgerow Map, see Section 3.2). This dataset contains a model of the extent
and height classes of woody linear features on field boundaries in England, including
hedgerows, tree lines and semi-natural thickets of shrubs and trees. The model was
derived from processing of the Environment Agency lidar product (National Lidar
Programme), captured between 2016-2021, and the linework is consistent with the
polygon boundaries used in the UK Centre for Ecology & Hydrology (UKCEH) Land
Cover Map (LCM) (Broughton et al. 2024). Further comparisons have been made
with the CS2007 survey estimates (see Annex 2).
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CS2007 hedgerow data include national estimates of extent and condition (height
and gappiness). N.B. Direct comparisons between estimates of hedge extent and
extents for hedges with different condition measures are not possible due to two key
factors: 1) The definition of ‘Hedgerows’ in CS includes both lines of trees and
managed hedges, data on condition criteria below relate to managed hedges only, 2)
the use of separate modelling approaches for producing National Estimates of 1)
extent and 2) condition measures. Where %’s of hedges with specific condition
metrics are shown the proportion refers to the total sample of hedges with condition
criteria data, not the overall extent of hedges in 2007.

CS2007 Broad Habitat cover data were also used to visualise regional differences in
farming land uses across England. Grassland area (combined covers of Improved
Grassland, Calcareous Grassland and Neutral Grassland) and Arable Broad Habitat
data were mapped to provide a picture of the wider context of the land uses which
may influence hedgerow management and extent.

4.2.2 AES Option data

Data on AES options was provided by RPA for all agreements, both those that are
historic (closed agreements) and those that are currently active (live agreements).

Data on all options were provided at the agreement and option level (point data) by
Natural England from the data sets entitled

All_ESS OPTIONS_MASTER as_at 01072022 for closed and live Environmental
Stewardship agreements and OPTIONS _MASTER 20220808 for Countryside
Stewardship agreements.

Options at the agreement level were provided in spatial layers named:
ALL_ESS_APPS_AGREEMENTS_MASTER as_at 01072022.

Hedgerow options were selected from the data provided at the parcel level where
option types were clearly defined and identifiable within the dataset provided.

Data on lengths of hedgerow under options were derived from a combined dataset of
both Environmental Stewardship options (including both organic and non-organic
options, (O)ELS and (O)HLS and Countryside Stewardship options). The datasets
were amalgamated for hedgerow options and associated lengths.

All management, restoration and planting options were included. Management
options are annual payments for managing the hedge in a certain way, restoration
options include capital payments for laying, coppicing, or gapping up, and planting
options include capital payments for creating new hedges. Supplementary options
were not included as they have been assumed to be on the same lengths of
hedgerow as the main option type. Hedgerow tree planting and tagging options have
also not been included in extent of hedgerow options as these are reported in units or
individual trees and not in metres. Similarly, hedgerow options that are reported in

UKCEH report ... version 1.0



hectares (ha) such as hedgerow tree buffer strips have been excluded from the data.
Tables 4.1 and 4.2 detail the options that have been included in this section.

Data on length of hedgerow under agreement were taken at a single point in time (15t
of July) in each of 4 years; 2007, 2012, 2017 and 2022. This method was used to
capture agreements (as far as possible) that were live between Countryside Survey
2007 and 2023.

4.2.3 Approach

4.2.3.1 Hedgerow extent

Extents of hedgerows were mapped using both the UK Hedgerow Map dataset and
the CS2007 landclass estimates of woody linear feature extents (incorporating both
lines of trees and managed hedges). The UK Hedgerow Map dataset which provides
spatially explicit locations of features (as opposed to estimated extents per km
square) was used for a spatial analysis of AES uptake in relation to estimates of
woody linear feature (hedgerow) extents within the 19 landclasses.

4.2.3.2 Hedgerow condition

Data on specific hedgerow condition criteria have been collected within Countryside
Surveys since 1984. Data on height and gappiness are key condition metrics
associated with favourable condition of managed hedges. Within AES schemes,
minimum heights are required e.g., for Countryside Stewardship Option BE3 there is
the requirement that from year 2 onwards, hedges will be at least 2m tall.

Maps of condition metrics collected during CS 2007 by landclass were created from
mapped data collected in the field during CS 2007 using similar methods to those
outlined in section 5.2.3. and described in detail in Carey et al. 2007. These data
collected at the hedgerow scale were then processed and incorporated into the
National Estimate models (methods described in Scott 2008).

These data provide an ideal and timely baseline for the condition of hedgerows
entering into Environmental Stewardship. Height measurements (in categories <1 m,
1-2 m, 2-3 m, 3-4 m, 4-5 m, 5-6 m or >6 m) were combined into the following
categories to enable meaningful display on maps: short (below 2 m); medium (2-4 m)
and tall hedgerows >4 m. Gappiness measures for managed hedges in categories
from <10%, 10-<25%, 25-<50%, 50-<75% or no gaps were combined into three
categories 1) gaps < 25%, b) gaps > 25%, c) no gaps.

Hedgerow width data were new to Countryside Survey in 2023 and therefore these
have been excluded from this mapping exercise (they do not form a baseline) but are
displayed as a demonstration of how these data could be used in the future. Further
details on landclass analyses, including differences in condition and extent over time
are included in section 5.4.2.

4.2.3.3 Hedgerow options

For any agreement live on the 18t July 2007, 2012, 2017 and 2022 hedgerow options
were logged and then summed as a whole for each landclass. For example, if an
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agreement started in January 2005 and ran until January 2010 it would have been
live on 18t July 2007 and so any hedgerow options would have been part of the data
for this date. An agreement that ran November 2007 to November 2012 would not
have been live on 15t July 2007 and so would not have been included in 2007 data
but would have been included in 2012 data. Any agreement that bridged two time
points, for example an agreement running from July 1%, 2017, to July 15t, 2022, would
have hedgerows featuring in both 2017 and 2022 datasets.

Broad scale coverage of Environmental Stewardship scheme options especially in
Entry Level agreements are included in the 2007 and 2012 data: these included EB1
and EB2 options for hedgerow management which had very wide uptake. The
management prescriptions under these options were noted by Staley et al. (2018) to
be popular but found to provide relatively little benefit to wildlife above typical
management practiced by farmers outside of the scheme. These basic management
options were therefore not available following the end of Entry Level Schemes and
there was a shift towards cutting once every three years either in autumn or winter, or
once every two years in winter under options such as the BE3 Countryside
Stewardship option. Definitive hedge lengths under general Countryside Stewardship
agreements are not provided with the Countryside Stewardship data (N.B. this
includes BE3 options).

Following data extraction and assignment to year and landclass the total estimated
lengths under AES, grouped by three aggregated option types a) management, b)
restoration and c¢) planting and by scheme strand were described and mapped by
landclass.

Table 4.1. Hedgerow options and code used to extract data on the extent of
hedgerows under all Environmental Stewardship (Organic/Entry Level Scheme and
Organic/Higher Level Scheme) and Countryside Stewardship hedgerow option types
(Mid & Higher Tier & Hedgerows and boundaries grant).

Level of Code Description

scheme

ELS & EB1 Hedgerow management for landscape (on both sides of a
HLS hedge)

ELS & EB2 Hedgerow management for landscape (on one side of a
HLS hedge)

ELS & EB3 Hedgerow management for landscape and wildlife

HLS

ELS & EB4 Stone-faced hedgebank management on both sides
HLS

ELS & EB5 Stone-faced hedgebank management on one side
HLS

ELS & EB8 Combined hedge and ditch management (incorporating EB1
HLS Hedgerow management for landscape)
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ELS &
HLS
ELS &
HLS
ELS &
HLS
ELS &
HLS
ELS &
HLS
ELS &
HLS
ELS &
HLS
OELS &
HLS
OELS &
HLS
OELS &
HLS
OELS &
HLS
OELS &
HLS
OELS &
HLS
OELS &
HLS
OELS &
HLS
OELS &
HLS
Level of
scheme
OELS &
HLS
OELS &
HLS
HLS

HLS

HLS

EB9

EB10

EB14

uB4

uB5

uB14

UB15

OB1

0B2

OB3

OB4

OB5

OB8

0OB9

0OB10

OB14

Code

uOB4

UOB5

HB11

HB12

HR2010

Combined hedge and ditch management (incorporating EB2
Hedgerow management for landscape)

Combined hedge and ditch management (incorporating EB3
Hedgerow management for landscape and wildlife)
Hedgerow restoration

Stone-faced hedgebank management on both sides on or
above the Moorland Line

Stone-faced hedgebank management on one side on or
above the Moorland Line

Hedgerow restoration
Stone-faced hedgebank restoration

Hedgerow management for landscape (on both sides of a
hedge)

Hedgerow management for landscape (on one side of a
hedge)

Hedgerow management for landscape and wildlife

Stone-faced hedgebank
Stone-faced hedgebank
Combined hedge and ditch
Combined hedge and ditch
Combined hedge and ditch
Hedgerow restoration
Description

Stone-faced hedgebank management on both sides on or
above the Moorland Line

Stone-faced hedgebank management on one side on or
above the Moorland Line

Management of hedgerows of very high environmental value
(both sides)

Management of hedgerows of very high environmental value
(one side)

Hedgerow restoration including laying, coppicing and
gapping up
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HLS PH Hedgerow planting — new hedges
HLS BR Stone-faced hedge bank repair
HLS BS2010 Stone-faced hedge bank restoration

Table 4.2. List of Countryside Stewardship hedgerow options

Level of scheme Code Description

Mid & Higher Tier BN11 Planting new hedges
Mid & Higher Tier BE3 Management

Mid & Higher Tier & Hedgerows and BNS Hedgerow laying
boundaries grant

Mid & Higher Tier & Hedgerows and BNG6 Hedgerow coppicing
boundaries grant

Mid & Higher Tier & Hedgerows and BN7 Hedgerow gapping-up

boundaries grant

4.3 Results

4.3.1 Extent of hedgerows in England

From the UK Hedgerow Map dataset, total hedgerow length for all of England
(excluding 2 landclasses, as follows) was estimated at 652,556km. Excluded
landclasses were landclass 22e - Intermediate Mountain tops/broad ridges, N
England and landclass 23e High Mountain summits/ridges, N England. Although the
dataset did include hedgerows in these landclasses they have been removed from
the dataset because very few hedgerows have been recorded in squares in these
landclasses in any Countryside Surveys, and their inclusion produces potentially
spurious results. Figure 4.1 shows the extent of hedgerows in (a) the UK Hedgerow
Map dataset and (b) for the landclass estimates of woody linear feature extents
(incorporating both lines of trees and managed hedges) from Countryside Survey
2007. The census (Lidar) and sample-based approaches produce very consistent
results, with both approaches having some limitations, e.g., the lidar data may
produce similar results for narrow stone walls and hedges in some landclasses,
thereby over-predicting the presence of hedges in walled areas.

Table 4.3. Lengths (km) of hedgerow under management, restoration, and planting
options in England. Hedgerow extents are reported for all scheme strands combined
(All) and then also per itemised scheme strand (Environmental Stewardship — Higher
Level Scheme and (Organic) Entry Level Scheme and Countryside Stewardship
hedgerow option types — Mid Tier; Higher Tier; Hedgerows and boundaries grant; and
capital grant). (NB there are some limitations to the data which may impact on reported
results).
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Year under Scheme strand Length of Length of Length of Length of
agreement hedgerow hedgerow hedgerow hedgerow
under under under under (all
management  restoration planting hedgerow)
options (km) options (km) options (km)  AES options
(km)
2007 248442 .86 831.64 401.09 249675.59
HLS 5.64 14.55 0.10 20.28
(O)ELS 229949.28 0 0 229949.28
(O)ELS plus HLS 18487.95 817.10 400.99 19706.03
2012 360015.16 4611.01 1325.35 365951.52
HLS 167.00 102.73 20.01 289.73
(O)ELS 245446.32 7.44 0 245453.76
(O)ELS plus HLS ~ 114401.85 4500.85 1305.34 120208.03
2017 187885.60 6359.36 1642.02 195886.97
HLS 233.12 176.17 26.25 435.53
ELS 43328.01 14.99 0.00 43343.00
ELS plus HLS 132774.15 5260.73 1200.21 139235.09
H&B 0.00 226.71 0.00 226.71
Higher Tier 1749.55 198.78 208.03 2156.36
Mid Tier 9800.77 481.98 207.53 10490.28
2022 127732.67 11776.43 4658.59 144167.69
HLS 119.50 121.42 11.25 252.17
ELS plus HLS 68259.81 2752.20 530.84 71542.85
H&B 0.00 383.88 0.00 383.88
Higher Tier 4758.96 667.74 376.17 5802.87
Mid Tier 54594.40 7046.58 3407.13 65048.11
Capital Grant 0.00 804.61 333.19 1137.80
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Figure 4.1. a) Hedgerow extent per landclass (km per km?) in England as estimated
by the UK Hedgerow Map dataset derived from lidar (Broughton et al. 2024) and b)
Hedgerow extent per landclass (km per km?) in England as estimated by Countryside
Survey 2007 (mean estimates) (Carey et al. 2007).

4.3.2 Geographical uptake of AES hedgerow options

Total estimated lengths of hedgerows under AES, grouped by three aggregated
option types a) management, b) restoration and c) planting and by scheme strand are
described in Table 4.3. Maps showing the percentage of all hedgerows in the 19
English landclasses included in the analysis that were under hedgerow options at
specific time intervals (2007, 2012, 2017 and 2022) are provided in Figures 4.2, 4.3,
4.4. and 4.8.

4.3.2.1 Management Options

Table 3 and Figure 4.2 show that the extents of hedges under management options
increased by approximately a third from 2007 to 2012 under ELS and HLS and
subsequently decreased to only around a third of the 2012 extent by 2022, following
changes to options and payment rates. The geographical uptake of management
options from 2007 onwards shows an easterly trend in early uptake (Figure 4.2). By
2022 hedgerow management AES options were widespread and evenly distributed
across English landclasses.
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Figure 4.2. The percentage of total hedgerow extent (%) under AES management
options on 15t July in 2007, 2012, 2017 and 2022. Total hedgerow extent estimates
used the UKCEH Hedgerow Map dataset (Figure 4.1a), see Appendix 2 Figure 4.2A
for estimates using CS2007 extents.

4.3.2.2 Planting options
The length of hedgerow being planted under options increased tenfold between 2007
and 2022 (from a low base of just over 400km) with the most significant increases

coming between 2017 and 2022. These increases were mostly influenced by the
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uptake of options under Countryside Stewardship Mid-Tier. Due to the use of a
consistent scale in Figure 4.3 it is difficult to see where there are differences in
planting extent between landclasses. An additional map for 2022 using a different
scale has been produced to make it possible to see differences in the extent of
hedgerow planting across England for 2022 (Figure 4.4). Post 2017, there were higher
planting extents in the northeast compared to other regions (Figure 4.4). Anecdotally,
many newly planted hedgerows are visible in the northeast region and easily
recognised due to plastic tree guards (Figure 4.5 & 4.6).
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Figure 4.3. Extent of hedgerow (km per km2) under AES planting options within
landclass boundaries on four different time stamps, 2007, 2012, 2017 and 2022 —
these maps represent extent along the same scale across the 4 time periods.
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Figure 4.4. Extent of hedgerow (km per km?) under AES planting options
within landclass boundaries in 2022. This displays the same data as in Figure
4.3 but uses different scale to enable better visualisation.

Figure 4.5. Photograph of newly planted hedgerows (2023) in Northumberland; an
area identified as having more planted hedgerows in 2022 than other regions in
Figure 4.4).

UKCEH report ... version 1.0



An evaluation of Agri-Environment Scheme impact on hedgerows in England — Final report

Figure 4.6. Example of recently planted hedgerow (<5 years since planting).

4.3.2.3 Restoration options

The extent of hedgerows under restoration options increased five-fold between 2007
and 2012, under ELS and HLS. Thereafter increases in uptake were less dramatic.
Nevertheless, fourteen times the length of hedge under restoration in 2007 was
under restoration in 2022 with the Countryside Stewardship Mid Tier options. The
geographical uptake of restoration options was broadly more westerly in coverage
than management options, with upland landclasses also appearing to have increased
uptake (Figure 4.8).
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