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EXECUTIVE SUMMARY

A rapid and crude examination of the Countryside Survey 1990 data was made to estimate the
proportion of hedges adjacent to roads and the proportion adjacent to paths and tracks. A

number of conclusions were drawn:
e tracks and roads both occur in about 80% of the sampled squares, hedges in less than 60%.

» 26% of the hedge length in Great Britain was found to be associated with roads while only
4% was assoctated with tracks and footpaths.

e when the number, rather than length, of hedge is. considered both percentages increase (to
32% and 8% respectively).

» the relationship appears to be constant across all landscape types.

However, the conclusions need to be tempered by the following constraints:

e more confidence should be placed on the figures describing roads rather than tracks as, in
the past, more time has been spent examining and correcting these data.

¢ definitions of roads and tracks/paths were made using existing surveyed data and require
further investigation so that they can be properly formalised.

» adjacency was estimated using geometrical relationships and could under, or over, estimate
numbers and lengths in different situations.

* the number of hedges is not a straightforward concept to apply - hedges are not uniform
units and may have different attributes when viewed from different positions. A clear
definition, with which the data can be interpreted, is needed before any confidence can be

given to the results.

o the analysis requires further examination and possible correction to allow for potential

inclusion of hedges which run at right angles to a road or track.

e only the rural environment has been described, further investigations are needed before
anythmg can be said about urban areas.



INTRODUCTION

Data from ITE’s Countryside Surveys (Barr ¢f al., 1986; Barr et al., 1993; Bunce & Heal,
1984) have been analysed to show changes in land cover and landscape elements in Great
Britain (GB) in the last quarter of the 20® Century. One of the landscape elements which has
undergone considerable change and for which protective legislation has become increasingly

important is hedges (Barr ef al., 1991).

The surveys map a sample of 1 kilometre (km) squares which are stratified using the ITE Land
Classification (Bunce ef al., 1996). They are selected at random within each strata or land
class from a 15 km grid placed over GB. In 1990 there were 508 sample squares. Squares
were thematically mapped for land cover (physical features, agriculture, semi-natural
vegetation, forestry, buildings, communications and boundary features) and soils.

One of the criteria that is being considered in a current re-drafting of hedgerow protection
legislation is the adjacency of hedges to public rights of way. Funded by the Department of the
Environment, Transport and the Regions (DETR), this exercise has extended previous analyses
by looking at the proportion of hedges that are associated with roads and other causeways.

DATA

For this study, spatial analysis was only carried out for the 284 squares which had a hedgerow
recorded within them. The other 224 squares were included in the production of national
estimates as zeros so as to give an appropriate weighting to the means used in calculation of
national figures. Digital maps of all survey squares are held in Arc/Info, a Geographical
Information System (GIS). The GIS is linked to ORACLE, a database management system,
which was used to supply coding information and to integrate the results across all squares
prior to making national estimates.

Definition of road and track

Roads and tracks/footpath were defined as two separate and distinct landscape elements. Their
definitions were derived from the existing datasets with no additional information. When the
survey squares were digitised, public roads covered in tarmac were digitised as their map area
and given a Definition Code of 52 (Wyatt et al., 1994). All arcas with this code and no other
areas were considered as roads. Tracks and footpaths were generally digitised as lines rather

than areas and had been identified in the field with Field Assessment Booklet (FAB - (Barr,



1990)) codes 452, 456, 457, 458 or 459 (tarmac road, constructed track, un-constructed track,
footpath (exclusive), footpath (other)). These codes were grouped and called track.

Definition of hedge

Boundaries in GB are often composed of several elements (e.g. fence, bank, wall, hedge, etc.).
For the purposes of this analysis, any boundary containing a hedge element was included; these
categories are shown in Table 1.

Table 1 Composition of boundaries included as hedges in analysis.

Code Composition
451 Hedge
76 Hedge & Bank
56 Hedge & Fence
39 Hedge & Wall
27 Hedge, Fence & Bank
14 Hedge, Wall & Bank
7 Hedge, Wall & Fence
2 Hedge, Wall, Fence & Bank

Hedgerows are recorded in the GIS as vectors with no width. Where hedges coincide with field
boundaries, the same vector was used as a section of the polygon boundary. Unfortunately, in
the case of roads, hedges are not always the road boundary as there may be a grass verge
immediately adjacent to the road and separating the carriageway from any physical barrier; the
displacement can be considerable, especially where verges are wide and features such as

cuttings and embankments occur.
Data used in analysis

Only data collected during Countryside Survey 1990 were used in the analysis. Ofthe squares
surveyed in 1990, 381 had also been surveyed in 1984, and a smaller proportion of them were
re-visited in 1993 to record hedgerows (Barr, Gillespie & Howard, 1994). The results are
therefore directly compatible with the 1990 survey.

ANALYSIS

The analysis was carried out in two phases; first, the digital maps were manipulated and
interrogated for each survey square; and second, the individual square information was
amalgamated into a single database on which statistical analysis was performed. The
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computation of national totals and standard errors was identical to that used in the production
of the Countryside Survey 1990 reports. A statistical appendix is provided in the main report
(Barr et al., 1993).

The two phases of analysis are briefly described below:

Interrogation and manipulation of digital maps
Buffering

The problem of separation of hedges from carriageways by verges was addressed by widening
the mapped lines and polygons representing roads and tracks by 10 metres in the GIS
(buffering). This is a simple form of spatial manipﬁlation that quickly produces results, but it
has some limitations (see section on limits and problems).

Removal of overlap

One problem caused by buffering is overlap at the junctions between the two different buffered
areas which can lead to double counting. The line and polygon ends are buffered in an
unrealistic way which will extend the feature beyond its natural extent; consequently any
hedges falling into this portion would not be considered adjacent. An example of this can be
seen at the end of the road terminating in the north east of the square in Figure 1. An attempt
to reduce the problem was made by removing the section of tracks that occur in the buffered

region around roads.
Overlay

Having created a buffered region around roads and another around tracks, the vectors
describing hedge positions were overlayed and the portions common to both coverages were

identified and used to create a new digital layer of data.
Plots

As the work was carried out in an automated way with new digital maps being created,
analysed then and erased (to conserve computer space), detailed examination of the different
steps could not be made. As a record of the analysis which could be examined in the future, a
digital image of the final map, containing roads, tracks, both sets of buffering and the hedges
coloured to show their interaction with the buffer was produced and archived. An example of
the image is presented in Figure 1.



Figure 1

An example Countryside Survey 1990 square showing the selected features, buffering
and overlay. Note the box drawn is slightly outside the kilometre square, duc to the
buffering of the roads as they leave the square. Grey areas indicate buffercd zones
surrounding roads (red thick lines) and tracks (mauve thin lines). Hedges are shown in
shades of green; where not associated they appear as thin green lines, when
overlapping with buffered zones they are thicker.

Carriageway Hedges next to:

mm Road

= Track Buffering = Road rk=a Track — Alonc

Estimation of national figures

Divisions of data

Two data tables were produced, one describing hedges adjacent to (or within 10 metres of) a

road, the other holding equivalent information for tracks. The tables hold a range of




information about the hedges including the length and label. Analysis was only performed on
the lengths, although the datasets could still be analysed for hedge characteristics.

Within the database, each hedge on a map would have a record containing its characteristics.
For each of the data tables, two sets of data were extracted; the first was the total length of
hedge in each square and the second was the number of hedge lengths.

Rejection of tails

Where a boundary between two fields intersects a road, buffering will overlap with the short
piece or tail of the hedgerow at the junction. Two identical analyses were performed, the first
included all data (Tables 3, 5 and 6), the second used a reduced dataset where hedge lengths of
less than 15 metres were rejected (Tables 4, 7 and 8). A length of 10 metres would only have
corrected for the junctions made at right angles, using 15 metres will reject hedge lengths where
the intersection between the road edge and the hedge is at an angle of up to about 45 °.

RESULTS

The numbers of squares containing the elements in different combinations is presented in Table
2. Hedges are found in 56% of the surveyed squares, roads in 78% and tracks in 84%. There
were 10 squares which contained a hedge but no road and 7 which contained a hedge but no
track. In terms of numbers of squares, hedges were more often associated with roads than
tracks as 66% of squares with hedges and roads have at least one length of hedge adjacent to a
road, while only 41% of squares with hedges and tracks have them in close proximity.

Table 2 Number of Countryside Survey 1990 squares containing different features.

Elements No. of squares Percent of total
Roads 395 78
Tracks 428 84
Hedges 284 56
Hedges within 10 metres of a road 181 36
Squares with road and hedge but not adjacent 274 54
Hedges within 10 metres of a track 115 23
Squares with track and hedge but not adjacent 277 55

Table 3 shows the summary of national figures using all hedge lengths, the individual land
class totals can be found in Tables 5 (lengths) and 6 (numbers). The total hedge length agrees
with the total published in the CS1990 Main Report (Barr ef o/., 1993); numbers of hedges
was not included in the Main Report.



Only 26% of the length of hedgerows could be found in the proximity of roads and only 4% by
tracks. The figures are slightly higher when the number of hedges are used (32% and 8%
respectively). These values are smaller than the proportion of squares which contain hedges
were associated with roads and tracks (Table 2); the difference is largest for tracks, where 23%
of the squares have a hedge within 10 metres of a track, but that is only 4% of the length.

Table 3 Hedge statistics for Great Britain from Countryside Survey 1990 data. Lengths and
associated standard errors (SE) are presented in '000s of kilometres and numbers and
associated SE are per 1 kilometre square.

Feature Length SE Number SE

Hedge 464.0 23.7 18.4 1.1
Hedge adjacent to road 122.7 100 6.0 0.5
Hedge adjacent to track 17.7 22 1.5 0.2

When the analysis was re-calculated removing the hedge lengths of less than 15 metres, then a
number of effects become apparent (Tables 4, 7 and 8). Most importantly, the length of all hedges
ignoring adjacency to road or track drops by half a percent while the number of hedges drops by

about 6%. The difference between the two percentages can easily be explained, as the short
lengths dropped contribute relatively less to the total length rather than the number. However, that
there is a reduction suggests that the correction for ‘tails’ of hedges that are abutting roadsides is

overcorrecting and removing some hedges that should be included.

The relative proportions within the dataset remain reasonably constant, with the numbers of hedges
showing more divergence than the lengths. The stability and interpretation of the numbers of
hedges needs serious investigation, as discussed later, and care should be taken if the numbers are
to be taken further.

Table 4 Hedge statistics for Great Britain from Countryside Survey 1990 data ignoring lengths
of less than 15 metres. Lengths and associated standard errors (SE) are presented in

'000s of kilometres and numbers and associated SE are per 1 kilometre square.

Feature Length SE Number SE
Hedge 461.8 23.6 173 1.0
Hedge adjacent to road 121.4 9.9 5.3 0.5
Hedge adiacent to track 16.8 21 1.0 0.1




When looking at the distribution of hedges in different land classes, the dominance of arable and

pastural landscape types is apparent and there are generally good linear relationships between the

length of a hedge in a class and the length adjacent to roads or tracks with no serious outliers

(Figure 2). When comparing between analyses using all hedges and only those greater than 15

metres there is a near perfect correlation between land classes calculated using different datasets
(Figure 3). The short lengths of hedge appear to be evenly scattered throughout the dataset.

Figure 2

The relationship between total length of hedge in a square and the length found adjacent to

aroad or track . Each point represents a single land class, figures are in *000s of km.
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Graphical presentations have only been made for the lengths of hedge, not the number of hedges.

There are similar relationships for numbers, but they are not as clear.

Figure 3

The relationship between estimates calculated using all hedge lengths and those greater than

15 metres for lengths of hedge adjacent to roadsides and lengths adjacent to tracks. Points

represent different land classes and figures are in “000s of kilometres.
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Table § Lengths of hedgerow recorded during Countryside Survey 1990 by land class. Total
hedge length, length adjacent to roads and tracks and standard errors (SE) are all

presented in "000s of kilometres, Zeros with no decimal place (0) represent no hedge

length recorded
Land Hedge Adjacent to Road Adjacent to Track
class Length SE Length SE Length SE
1 67.6 9.4 13.0 4.4 1.8 038
2 382 6.6 8.2 23 0.1 0.1
3 50.0 44 12,7 27 3.3 1.0
4 19.0 7.5 14 09 0.7 0.7
5 12.4 28 18 1.1 0.1 0.1
6 57.5 9.5 9.3 3.2 05 | 04
7 2.5 1.2 1.3 0.7 0.0 0.0
8 1.8 0.6 1.0 0.4 0
9 36.5 7.0 10.8 28 1.6 0.7
10 472 7.6 15.5 3.6 24 0.8
11 324 32 11.0 1.8 2.7 0.7
12 6.7 1.8 1.8 1.1 0.4 0.2
13 18.0 5.1 6.3 2.3 1.0 0.4
14 03 02 0.2 0.1 0.0 0.0
15 16.1 4.5 52 14 0.7 0.5
16 88 1.8 3.1 0.7 0.5 0.2
17 16.7 4.8 6.3 2.5 1.1 0.7
18 7.1 36 3.0 2.7 0.2 02
19 0 0 0
20 0 0 0
21 0 0 0
22 0.1 0.1 0.0 0.0 0
23 U] 0 0
24 0 0 0
25 9.6 38 33 1.3 0.2 0.1
26 8.0 26 34 1.6 0.1 0.1
27 6.2 29 3.6 1.6 0.2 0.1
28 1.0 1.0 0.3 0.3 0
29 0 0 0

WG
—_—
S o
o8
<
[ ]
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Table 6 Number of hedges recorded per 1 kilometre square during Countryside Survey 1990 by
land class. Zero lengths with no decimal place (0) represent no hedges recorded

Land Hedge Adjacent to Road Adjacent to Track
Class Number SE Number SE Number SE
1 48.7 73 11.0 4.0 34 1.3
2 21.3 4.1 5.5 1.7 04 0.3
3 270 2.9 89 1.9 32 0.9
4 20.1 10.6 1.1 0.5 08 0.7
5 35.8 72 7.5 35 08 0.8
6 55.9 10.0 11.2 4.5 1.0 0.8
7 14.2 6.9 9.2 4.8 0.2 0.2
8 56 1.9 3.8 13 0
9 26.6 6.4 11.1 34 29 1.2
10 326 59 13.0 33 38 1.3
11 298 232 11.1 18 54 1.1
12 16.2 5.3 52 32 2.0 0.8
13 258 7.6 11.3 43 2.6 1.1
14 43 2.0 3.0 15 0.7 0.7
15 44.8 9.4 200 45 38 16
16 26.6 58 11.7 25 438 1.8
17 12.4 36 5.5 23 1.8 1.1
18 12.5 9.9 58 5.1 0.8 0.8
19 0 0 0
20 0 0 0
21 0 0 0
22 0.1 0.1 0.0 0.0 0
23 0 0 0
24 0 0 0
25 8.1 3.1 3.7 1.4 0.7 03
26 8.9 27 4.7 19 0.7 0.3
27 7.9 338 49 24 0.5 0.4
28 14 14 0.3 0.2 0
29 0 0 0
30 0 0 0
31 0.6 0.6 0.6 0.6 0.4 0.4
32 0.3 03 03 0.3 0




Table 7 Lengths of hedgerow greater than 15 metres. Total hedge length, length adjacent to roads
and tracks and standard errors (SE) are all presented in '000s of kilometres. Zero lengths
with no decimal place (0) represent no hedge length recorded

Land Hedge ‘| Adjacent to Road Adjacent to Track
Class Length SE Length SE Length SE
1 67.3 9.3 12.9 4.4 17 0.7
2 38.0 6.6 8.1 23 0.1 0.1
3 49.8 4.4 12.6 27 32 0.9
4 18.9 74 1.3 0.9 0.7 0.7
5 12.3 27 1.8 1.0 0.1 0.1
6 57.2 8.5 9.1 3.2 0.5 03
7 25 1.2 13 07 0
8 1.8 0.6 1.0 0.4 0
9 36.4 7.0 10.7 28 1.5 0.6
10 47.1 76 | 154 3.6 2.2 0.8
11 32.2 32 10.9 1.8 2.6 07
12 6.7 1.8 1.8 1.1 0.4 0.1
13 17.9 5.1 6.2 23 0.9 0.3
14 0.3 02 0.2 0.1 0.0 0.0
15 159 45 5.1 14 0.6 0.5
16 88 1.8 30 0.7 0.5 0.2
17 16.6 48 6.3 2.5 1.0 0.6
13 7.0 56 30 27 0.2 02
19 0 0 0
20 0 0 0
21 0 0 0
22 0.1 0.1 0.0 0.0 0
23 0 0 0
24 0 0 0
25 9.6 38 32 1.3 0.2 0.1
26 8.0 206 34 1.6 0.1 0.1
27 6.2 2.9 3.6 1.6 0.2 0.1
28 1.0 1.0 03 0.2 0 0
29 0 0 0
30 0 0 0
3 0.2 0.2 02 0.2 0.0 0.0
32 0.1 0.1 0.0 0.0 0
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Table 8 Number of hedges greater than 15 metres recorded per 1 kilometre square during
Countryside Survey 1990 by land class. Zero lengths with no decimal place (0)

represent no hedges recorded

Land Hedge Adjacent to Road Adjacent fo Track
Class Number SE Number SE Number SE
1 45.5 6.8 9.6 3.5 2.2 0.9
2 20.1 39 5.1 1.6 0.3 0.2
3 26.1 2.7 8.0 17 22 0.7
4 185 9.2 0.9 0.5 0.8 0.7
5 320 6.3 58 25 0.5 0.5
6 52.0 24 9.8 4.0 0.7 0.5
7 13.6 6.5 8.2 43 0
8 56 1.8 35 1.2 0
9 253 6.0 10.2 31 1.9 0.8
10 31.1 56 11.9 3.1 24 0.8
i1 278 29 9.9 1.6 3.8 0.8
12 15.8 52 49 32 1.5 0.5
13 23.5 6.9 10.2 4.0 L6 0.6
14 4.3 20 3.0 1.5 0.7 0.7
15 402 8.8 16.3 38 22 13
16 254 55 10.1 2.2 28 i.1
17 11.6 3.4 5.0 2.1 12 0.7
13 11.5 9.0 56 50 0.6 0.6
19 0 0 0
20 0 0 0
21 0 ¢ ]
22 0.1 0.1 0.0 0.0 0
23 0 0 0
24 ¢ 0 0
25 79 3.0 35 14 0.2 0.1
26 87 27 4.4 1.7 0.3 0.2
27 7.5 3.7 4.6 23 0.3 0.2
28 1.3 1.2 02 0.2 0
29 0 0 0
30 0 0 0
31 0.5 0.5 0.5 0.3 0.2 0.2
32 0.3 0.3 03 03 0
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DISCUSSION

Limits of analysis and suggested improvement

Numbers of hedges

Hedges are not clearly defined units. The difficulty of trying to present results in terms of
numbers of hedges is the definition of what is a hedge unit. A hedgerow bounding a square
field could be considered as a single hedge, or four hedges. The numbering becomes more
complicated as surrounding fields are included. For the analysis here, a hedge unit is defined
as a continuous length of hedge, with no junctions and constant characteristics. Within this

~ definition, a gappy hedge would still be considered continuous.

During the analysis using the buffer zones surrounding roads and tracks, some of the hedge
units would have been divided and it is possible for a sinuous hedge, running between 9 and 11

metres from a road to appear as several units.

To use hedge numbers, a stronger, more formal definition would be needed and the analysis

would need to be repeated applying that definition.
Unique codes

The analysis was performed entirely on standard CS1990 reporting and FAB codes; there may
be unique codes describing elements that could not be coded using those suggested. The new
codes, generated by field surveyors, are especially likely to be found describing tracks and
footpaths as there has not been the same thorough examination and re-interpretation as made
for the Definition Code area features. .

The investigation should also look at the method of recording of tracks and footpaths to ensure

that none were digitised as areas which were then subsumed into other cover categories.
Buffering limits

The GIS holds a description of the real world using different data models. The model used here
uses vectors to describe areas, lines and points. Data for roads were entered as polygons, but
the area will i)e dependent upon the width of the feature which is usually mapped at standard
lengths for different types of road. Some of the tracks and footpaths may have similar widths
to the roads, but they were recorded as stmple vectors with no width. Buffering in both cases
was extended to 10 metres either side, but as the figure shows the area of the buffer shows an
exaggerated difference between the types. Roads would therefore be expected to ‘capture’
more hedges than tracks and paths.
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Differential buffering

The roads, tracks and paths were buffered to a standard width, but it is possible, with more
time to buffer to different extents for different features (e.g. tracks further than footpaths).
This can be done with data already held within the database, but if extra time was available,
the database could be improved by the addition of road grade (eg motorway, ‘A’ road dual-
carriageway, etc.) and the buffering performed with different distances for different road types.
The.ideal solution would involve the maps being individually examined by eye and the hedges
labelled using expert judgement; this would be time consuming,

Visual check

Although care was taken while processing the data, and an image equivalent to Figure 1 was
produced and has been archived for all 284 squares used in the analysis, this can not be seen as
an adequate substitute for a more thorough examination of the analysis and results.

Urban areas

An area requiring further investigation is the relationship between hedges and roads around
urban areas. In the Survey, urban areas are not mapped in detail and intemal roads are not
recorded. The interaction with the edge of urban areas could be assessed by examination of
Ordnance Survey maps and aerial photographs.

Public rights of way

The Survey data does not include a breakdown into legal rights of way, merely routes recorded
by field surveyors. Additional information from sources such as the Ordnance Survey could
sharpen the analysis by drawing a distinction between public rights of way and other routes.
Other sources could possibly offer information such as hedge and road history. Ifhedge
planting is now predominantly occurring along roadsides following road works, we would

expect to see movement of hedges in the landscape towards roads.

CONCLUSIONS

More analysis is needed to improve the confidence in the results. A number of areas have been
identified which should be addressed:

1. The definition and composition of the tracks should be formalised and verified.

2. If a visual analysis by an expert is not to be performed, the buffering should be repeated at
different widths to assess the sensitivity of the results to the method of analysis.

13



3. Hedges as units rather than lengths, need a clear definition and may then require additional
field information to be collected, otherwise they should be dropped.

4. Other information from different sources should be included to assist the interpretation.

5. The relationship between roads/tracks/hedges and urban areas needs further investigation.
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