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Abstract: The CORINE Land Cover (CLC) map was established in 1985 and is now one of the
most widely used products from the Copernicus Land Monitoring Service. As the world’s longest
consistent operational land cover monitoring product, CLC maps have been produced for reference
years 1990, 2000, 2006, 2012 and now for 2018. This paper presents the results from the CLC2018
mapping project in the UK and analyses the results of the land cover status layer and the change
layer from the period 2012-2018. It sets this change in context with the change results from the period
2006-2012 and finds that the rate of change between the subsequent CORINE land cover maps is
continuing to increase. Changes mapped for the period 2012-2018 covered 76,032 ha greater than
the change mapped between 2006 and 2012, an increase of 26% of mapped change. The area of
changes mapped covered an area equivalent to 1.16% of the total land area of the UK. The number of
different types of changes also continue to diversify; however, the dominance of rotational forestry
is consistent with the previous map. The process of urban land take has been highlighted in the
results between 2012 and 2018 and is a trend identified in previous iterations of the CLC inventories.
The largest gain is in industrial or commercial units (an increase of 14.4%). This growth is mainly
attributed to renewable energy infrastructure. As well as the descriptive analysis, the results have
been analysed to identify the likely pressures being experienced on the land in the UK. Although
the CLC mapping approach is consistent, there have been improvements to the input EO data used
to map the changes. For 2018, the Copernicus Sentinel-2 system offered a consistent and reliable
image source for the first time. This increased the spatial resolution of the source datasets to 10 m,
allowing for more accurate identification of small features and those with fine spatial textures such as
suburban, road networks and windfarms. We also look forward to the development of CLC+, the
new generation of CORINE land mapping, and the improvements it could make.

Keywords: land cover; land use; change mapping; land use pressures; energy production; forestry

1. Introduction

Over decadal time scales, land cover and land use in the UK have undergone signifi-
cant changes as a result of multiple policy drivers, economic shifts and now, increasingly,
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environmental impacts. The primary policy drivers of change in the coming decade are the
new Agriculture Bill that replaces the Common Agricultural Policy of the European Union
in the UK after Brexit, and the Defra 25-year Environment Plan [1], with its ambitious goals
for environmental improvements and the directive to achieve net zero carbon emissions by
2050 to address climate change. Global policy options towards climate-friendly and sus-
tainable lifestyle changes that are being discussed include bans on advertising high-carbon
foods, reducing food waste and prioritising the distribution of food to undernourished
people [2]. If higher costs were placed on emissions-intensive foods such as beef and lamb,
whilst encouraging fruit and vegetable consumption as a means to mitigate climate change,
substantial land use changes would likely be the consequence. The impacts of climate
change such as sea-level rise and the flooding caused by the increase in the intensity of
storms are likely to see more land being handed over to mitigation schemes.

A recent policy report by the British House of Commons Committee on Climate
Change concluded that land use in the UK must change to meet its net-zero greenhouse gas
emissions target by 2050: “Fundamental change in the use of land across the UK is needed
to maintain a strong agriculture sector that also delivers climate mitigation, adaptation and
wider environmental objectives” [3]. The report sets out ambitions for a high uptake of low
carbon farming practices and suggests releasing 22% of land out of traditional agricultural
production for long-term carbon sequestration. Other policy drivers include the drive to
stimulate housing supply, with a pledge of 300,000 new homes a year in The Housing White
Paper [4]. Land use change on this scale is unprecedented in the UK since the operational
monitoring of land cover and land use from satellites began. Monitoring of land cover and
land use (LCLU) has been one of the major uses of new satellite data products, which have
continued to increase in coverage, quality and accessibility in recent decades [5]. There
are many approaches to the mapping of LULC change, with different methods suited to
different contexts. Land cover and land use maps have been produced at a range of scales
from local to continental levels to address particular requirements, political drivers and
funding regimes, and as a baseline for simulations of future LULC change under different
scenarios [6].

LULC change mapping is conventionally based on satellite images from two reference
periods sufficiently separated in time to allow the changes to be identified reliably, given
the constraints of the input data and the mapping approach. However, satellite data cannot
always be captured at regular intervals due to weather conditions or technical issues such
as variation in sensor orbits [7]. This has been a challenge within the remote sensing
community since its inception, and as such there are numerous methods for interpolating
missing images for planned timeseries for analysis while maintaining accurate results, such
as pixel-based temporal composites [8] and spatiotemporal data fusion [9]. Frequent return
periods of recent satellite missions such as the European Space Agency’s Sentinel satellites
are valuable for addressing this challenge [10].

Automated methods for identifying and mapping LULC change are a large research
focus, as the volume of geospatial data collected outstrips our capacity for manual inter-
pretation and analysis [11], and as high-performance computing and machine learning
methods become more advanced [12,13]. These approaches are highly suited to certain
mapping applications, for example, where the focus is on land cover as opposed to land use,
or there are a small number of highly contrasting classes in the mapping specification [9].
Complex classifications such as CORINE, which characterise land cover and land use using
44 classes in total, incorporate contextual information for interpretation of changes, for
example, an awareness of the policy pressures discussed above, for which visual interpreta-
tion by skilled analysts remains unparalleled. Despite this, some elements of automation
have been incorporated into the CORINE methodology [14].

The CORINE Land Cover (CLC) methodology was established in the mid-1980s and
is now one of the most widely used products from the Copernicus Land Monitoring
Service [15]. As the world’s longest consistent operational land cover monitoring product,
CLC maps have been produced for reference years 1990, 2000, 2006, 2012 and now for 2018.
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This paper presents results from the CLC2018 mapping exercise in the UK and analyses the
results of the land cover status layer with a 25 ha minimum mapping unit (MMU) and the
change layers from 2006 to 2012 and 2012 to 2018 with a 5 ha MMU [16].

Over its long history, more than 870 publications have made use of the CLC data [17],
and a large body of work has been summarised in [18]. CLC data have been used for
research in geography, remote sensing, ecology, forestry, agriculture, engineering, optics
and computer science [17], as well as for many operational applications in businesses
and policy contexts. The CLC data addresses many common challenges identified in
remote sensing of land cover, because it is free to access and comprises a long-standing
data timeseries, covering a large, multiregional scope, with consistent methodology, data
processing, validation and verification, the details for which are publicly available [19].

The CLC2018 is therefore a further step in delivering a powerful and rich time-series of
landscape dynamics in Europe. The UK component thus provides an important stocktake
of the primary land cover and land use types before all of the new drivers described
above manifest themselves as landscape changes. There are some limitations in the CLC
methodology, namely the spatial resolution [20] and some nomenclature definitions, for
detailed assessment of the implementation of environmental objectives. However, there
is huge value in the large-scale consistent mapping approach. Recent improvements in
the use of higher resolution input data from Sentinel and future developments of CLC+
are addressing some of these limitations. This paper aims to present an assessment of the
large-scale land cover and land use types in the UK in 2018, examine the primary changes
since 2006, and their likely drivers, and analyse change patterns and land cover transitions
quantitatively.

2. Methods

The CLC is now part of the Copernicus Land Monitoring Service (CLMS) and inte-
grated within a portfolio of products that provide a range of spatial and temporal detail
for thematic or biophysical properties for either selected hotspot locations or wall-to-wall
coverage at a pan-European level. The CLC could be described as a classical parcel-based
land cover map that covers the EEA-38 countries plus the UK. Selected products from the
CLMS can be combined to produce further monitoring and assessment information that
is beyond the capabilities of a single dataset. The CLMS is now producing the second
generation of CLC, or CLC+, giving improved spatial detail and an advanced thematic
data model, but it will still be able to generate the traditional CLC for long term monitoring
purposes.

The CLC classes are defined in a 3-level hierarchical structure grouped into artificial
surfaces, agricultural areas, forest and semi-natural areas, wetlands and water bodies at
Level 1. The detailed class descriptions as set out in the nomenclature [21] were followed
during the interpretation processes of this work. The status and changes in CLC are mapped
based on the 44 individual classes at Level 3, but during reporting and analysis these can
be aggregated up to 15 classes at Level 2, and just the 5 broad classes at Level 1. Table 1
shows an overview of the CLC class nomenclature. In this paper, we focus on the 44 classes
at Level 3.
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Table 1. CORINE class nomenclature of the 44 land cover/land use classes at Levels 1, 2 and 3.

Level 1 Level 2 Level 3
. 1.1.1 Continuous urban fabric
11 Urban fabric 1.1.2 Discontinuous urban fabric
1.2.1 Industrial or commercial units
. . . 1.2.2 Road and rail networks and associated land
1.2 Industrial, commercial and transport units
123 Port areas
1  Artificial Surfaces 1.2.4 Airports
1.3.1 Mineral extraction sites
13 Mine, dump and construction sites 1.3.2 Dump sites
1.3.3 Construction sites
1.4 Artificial, non-agricultural vegetated areas 141 Green urban areas
: ! 142 Sport and leisure facilities
2.1.1 Non-irrigated arable land
2.1 Arable land 212 Permanently irrigated land
2.1.3 Rice fields
221 Vineyards
22 Permanent crops 222 Fruit trees and berry plantations
2 Agricultural areas 223 Olive groves
2.3 Pastures 2.3.1 Pastures
241 Annual crops associated with permanent
crops
24 Heterogeneous agricultural areas 242 Complex cultivation patterns
243 Land principally occupied by agriculture
- with significant areas of natural vegetation
244 Agro-forestry areas
3.1.1 Broad-leaved forest
3.1 Forests 3.1.2 Coniferous forest
3.1.3 Mixed forest
321 Natural grassland
32 Shrub and/or herbaceous vegetation 322 Moors and heathland
Forests and ’ associations 3.2.3 Sclerophyllous vegetation
semi-natural areas 3.24 Transitional woodland scrub
3.3.1 Beaches, dunes, sand plains
3.3.2 Bare rock
3.3 Open spaces with little or no vegetation 333 Sparsely vegetated areas
334 Burnt areas
335 Glaciers and perpetual snow
41 Inland wetlands ii; i)nel:tn g orgsarshes
4 Wetlands 421 Salt marshes
4.2 Coastal wetlands 422 Salines
423 Intertidal flats
. 5.1.1 Water courses
5.1 Continental waters 51.2 Water bodies
5 Water bodies 521 Coastal lagoons
52 Marine waters 522 Estuaries
523 Sea and ocean

The production of CLC2018 in the UK followed the same production methodology as
CLC2012, with some modifications and improvements. Following the technical guidelines
set out by the European Environment Agency (EEA) [22], the method applied is the ‘change
mapping approach’ based on the CLC2012 product and using visual interpretation of
satellite imagery. The change mapping approach aims to map real land cover/land use
change, representing the change process on the ground, and also technical changes (errors in
CLC2012 that were missed during the 2012 update). This is achieved by interpreting change
based on a comparison of multi-date satellite imagery with direct delineation of change
polygons relative to the 2012 status map. This produces a CLC Changesp12-2018 layer with
an MMU of 5 ha. The process also produces a revised CLC2012 dataset (CLC2012,¢yiseq) in
which the technical changes are corrected. The CLC2018 status product is then produced
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by combining the CLC changexgi2-2018 polygons and the CLC2012,¢yiseq polygons and is
represented by the equation:

CLC2018 = CcholzreVised + CLC-Change82012-2018

As the CLC2012,¢yiseq and CLC2018 status layers are mapped at a 25 ha MMU and the
change layer is mapped at 5 ha MMU after intersection and unification, any small polygons
are generalised with their neighbours according to a priority table [23].

As a consequence of the two different MMUs between the CLC status layers and the
change layer, “Technical change polygons’ are produced as auxiliary change polygons to
avoid major inaccuracies in the CLC2018 database, but do not represent a real change
in land cover/land use. These technical change polygons have been removed from the
2012-2018 change database for analysis in this paper.

There are some limitations to the current CLC methodology for monitoring the im-
plementation of environmental interventions or the impact of land cover/land use change
on climate change drivers. As the MMUs of 25 ha for the status layer map and 5 ha for
the change layer map are considerably larger than some other monitoring and mapping in
the UK, this can lead to different figures if compared directly between data sources (e.g.,
the natural capital accounts [24]). The differing results are not incorrect but caused by
variations in scale and nomenclature. For example, the construction of renewable energy
infrastructure is often captured in the CLC MMU, but does not always fill the land parcel,
and the definition of the nomenclature translates this change to industrial development.
Further analysis at a finer resolution would require additional field or land inventory data
at a much higher spatial resolution. The improvements made by incorporating higher
resolution input data, and the development of the CLC+ and the full integration of the
CLMS data product suite, go a long way to improving these limitations. The power of the
CLC time series of products is its length and the consistency of implementation so that
multi-decadal landscape changes and trends of change are identified easily and reliably
using these data

Input Data

The available satellite data for interpretation of changes between 2012 and 2018 con-
sisted of two slightly different datasets. IMAGE2012, the imagery from the previous
production, was reused and mainly consisted of images from 2011 through 2013 (a mixture
of IRS-P6 LISS III, IRS-R2 LISS IV and RapidEye systems). IMAGE2018 consisted of images
from 2017 only (aiming to document the situation at the beginning of the reference period)
acquired by the European Copernicus Sentinel-2 satellites, with the US Landsat 8 satellite
used for gap filling. The move to Sentinel-2 data as the input for the CLC2018 represents a
big change in the ability to interpret land cover types and change as the spatial resolution is
improved from approximately 25 m down to 10 m. This increase in spatial resolving power
of over 6 enabled clearer identification of features. Furthermore, images were available
within a shorter reference period due to the more frequent revisit of Sentinel-2 compared to
other similar class systems.

Each set of image data contained images from two separate acquisition windows,
coverage 1 and 2, preferably for the same year and with an optimum date difference of
6 weeks to allow for relative phenological change of different land covers to aid their
discrimination (Table 2). The aim was to have at least two full coverages of the UK.
However, due to cloud cover, it was necessary to select some images that only conformed to
the minimum time difference of 4 weeks. The image availability in IMAGE2018 was greatly
improved to that in IMAGE2012, where availability was limited and had to be combined
over several years to piece together the coverage required [25]. In 2017, 64.6% of the UK
had between 3 and 6 images available and only 10% was interpreted by a single image.
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Table 2. UK acquisition windows for IMAGE2018, for the North and South of the UK.

Coverage 1
UK_N 01/05/17 15/06/17 01/09/17 30/09/17
UK_S 15/04/17 15/06/17 01/09/17 31/10/17
Coverage 2 Coverage 2

In-situ and online data was also used in the CLC2018 production in areas where
satellite imagery was not sufficient for the interpretation of particular classes and/or
changes. Examples include ordnance survey open data, the national forestry inventory
and very-high spatial resolution satellite imagery. All data was open access and sourced
online from commercial or government department websites. The satellite imagery can be
viewed freely in Google Earth and greatly aided visual interpretation of IMAGE2012 and
IMAGE2018.

The results presented in this paper are from a map representing the whole of the
United Kingdom. The Channel Islands and Northern Ireland were reprojected from their
native coordinate systems and stitched together with the UK data. The map has a 25 km
buffer around the coastline to ensure all islands, estuaries, tidal flats and ports and harbours
are included. The buffer is clipped to the border between Northern Ireland and the Republic
of Ireland. The status layer statistics used in each set of results are the up-to-date revisions
created during each production, i.e., CLC2018 and CLC2012,cyiseq for 2018 and CLC2012
and CLC2006,eviseq for 2012. Class 523 (sea and ocean) has been removed from the statistics
for the status layers to avoid skewing the results.

3. Analysis of the CORINE Land Cover Map
3.1. Status Layer

The UK CLC2018 status map is shown in Figure 1; it provides a comparable repre-
sentation of the UK in the context of the EEA-38 countries, our immediate geographical
neighbours. The CLC2018 map includes 36 of the 44 Level 3 classes in the CORINE nomen-
clature (Table 1); 8 classes were not present in the UK, such as olive groves and rice fields.
The area covered by each class is shown in Figure 2; this has been aggregated up to Level 1
nomenclature to see the overall proportions of land cover types in Figure 3. Agriculture
remains the most dominant land cover, accounting for 55% coverage of the UK. There is
an approximately even split between 6,660,235 ha of non-irrigated arable land (211) and
6,926,447 ha of pasture (231), covering 26.7% and 27.7% of land, respectively. There is also
an east-west split, with arable land predominantly occupying the east of the country and
pastures in the west, due to environmental conditions. However, at a local scale, there
is often a more complex mosaic between these classes due to topography, soils and farm
management practices.

The second most dominant Level 1 class is forest and semi-natural areas, representing
24.2% of the territory. The natural vegetation classes 321 (natural grassland) and 322
(moors and heaths) account for the largest part of this, with 13.3% of the coverage. When
the peatland class, 412, is added, which covers another 9.2%, the natural open moorland
landscapes occupy nearly a quarter of the country, concentrated in the upland areas of
Scotland, Wales and the Pennines. The forestry classes cover a combined area of 2,437,987 ha,
or 9.8% of the country if you include class 324, transitional woodland scrub. This class
can represent woodland degradation, forest regeneration or natural succession. It also
includes clear cut areas in forests, regeneration areas in the transitional stage or regrowth
lasting 5-8 years or until the trees reach 5 m in height [21]. In the UK, the majority of this
class is attributed to the clear cut or regrowth of harvested coniferous woodland. There are
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556,176 ha of broad-leaved forest, 1,198,586 ha of coniferous forest and 300,353 ha of mixed
forest.

Artificial surfaces occupy 8.6% of the country and are widely distributed, with a
greater density in the south. The majority of this class is made up of urban settlements,
containing class 112 discontinuous urban fabric (5.4%) and 142 sport and leisure facilities
(1.2%), which can be large areas of open land including, for example, golf courses. To put
this into context, 83.4% of the UK population lived in urban areas in 2018 [26].

CLC2018 Code

r B 311

4“ B : Bl

. .,,? [ EHE

B 321

123 322

- 124 323

B > 324

B 331

# B 332
P 141 333
? 142 [ 334
211 335
212 [ 411

213 [l 412

B > 421

‘ 222 422
[ 223 T 423
231 [ 5
241 512
242 [T 521
243 522
244 523
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Figure 1. CORINE Land Cover (CLC) map for the UK 2018. See Table 1 for class descriptions.
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Figure 3. Proportion of UK land area aggregated to Level 1 class for 2018.

= 5. Water bodies

3.2. Main Land Cover/Land Use Changes between 2012 and 2018

The total area of land cover/land use changes between 2012 and 2018 amount to
290,368 ha, which corresponds to 1.16% of the total land area of the UK. Most of the changes
occurred around the English-Scottish border, the southwest of Scotland and in Wales,
and are predominantly related to forest management, i.e., clear-cutting and replanting of
coniferous woodland. The spatial distribution of changes between 2012 and 2018 is similar
to those detected from 2006 to 2012. The amount and the spatial distribution of changes
between CLC classes are shown in Figure 4.

There were 205 different types of land cover/land use change in the CLC change layer
during the period 2012-2018. The complete dataset of all changes at the national scale is
summarised in the change matrix shown in Table S1 in the Supplementary Material. Table 3
shows a slimmed-down version, showing classes with over 1000 ha of change. The class
transitions with the largest area of change between 2012 and 2018, which represents almost
90% of the area, are shown in Table 4.
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Figure 4. Overview map of all observed CORINE land cover/land use changes between 2012-2018
for the UK.
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Table 3. Change matrix, 2012 to 2018, showing the total area (ha) of each change. Only classes with

more than 1000 ha are shown in this matrix for size purposes. Totals are for all classes. The full

change matrix can be found in Supplementary Material Table S1.

2018
CC(}dCe 112 121 122 131 133 142 211 231 311 312 313 321 322 324 512 Total
121 190 1289 152 10 1640
131 134 186 143 66 682 3186 1383 573 208 778 7819
132 26 81 56 910 436 116 85 1742
133 5867 3314 215 473 130 575 137 125 11,473
141 362 179 40 41 525 11 1165
142 134 75 576 90 73 17 17 25 1017
211 2805 12,827 486 3094 10,874 260 1118 21 23 518 209 33,498
o 231 2495 5655 878 1345 7073 107 2989 16 9 25 125 299 39 21,524
54 311 59 25 23 48 80 27 781 1044
312 14 3528 18 143 250 10 400 126,935 131,317
313 27 8 12 63 40 2482 2633
321 11 1762 38 248 168 14 65 437 54 111 3000
322 9 2496 107 231 125 14 35 308 64 52 346 3979
324 1019 76 124 8 1418 55,133 2342 220 345 60,716
334 1018 322 1340
412 3448 22 96 149 11 41 16 7 113 3915
Total 12,199 35,203 1840 5401 22,206 1033 4094 7161 1521 55,299 2743 3466 1498 131,843 1263
Table 4. The 20 most common CLC land cover/land use changes by total area between 2012 and
2018 detected in the change layer with a minimum mapping unit of 5 ha. The change code shows the
transition from one Level 3 class to another. The impacts of these land cover/land use changes in
relation to climate change are noted as positive or negative.
s o,
Cél(a)gge Change Description Impat:ct}fl(;;gCilmate Area (ha) :rS:ia:%elc(l
312-324 Clear-cutting of coniferous forest -ve 126,935 43.7
324-312 Regrowth of coniferous forest +ve 55,133 19.0
211-121 Arable land to industrial and commercial development -ve 12,827 4.4
211-133 Arable land converted to construction sites -ve 10,874 3.7
231-133 Pastureland converted to construction sites -ve 7073 2.4
133-112 Completion of construction sites to urban areas -ve 5867 2.0
231-121 Pastureland to industrial and commercial development -ve 5655 19
312-121 Coniferous forest to industrial and commercial development -ve 3528 1.2
412-121 Peatland to industrial and commercial development -ve 3448 12
133-121 Completion of construction sites to industrial and commercial —ve 3314 11
developments
131-231 Mineral extraction sites converted to pastureland +ve 3186 1.1
211-131 Arable land to mineral extraction sites -ve 3094 11
231-211 Pastureland converted to arable land (intensification of agriculture) -ve 2989 1.0
211-112 Arable land to urban areas -ve 2805 1.0
322-121 Moors and heath to industrial and commercial development -ve 2496 0.9
231-112 Pastureland to urban areas -ve 2495 0.9
313-324 Clearing of mixed forest -ve 2482 0.9
324-313 Growth/replanting of mixed forest +ve 2342 0.8
321-121 Natural grassland to industrial and commercial development -ve 1762 0.6
324-311 Regrowth of broad-leaved forest +ve 1418 0.5
Total 259,724 89

The felling and planting of coniferous woodland (changes 312-324 and 324-312) ac-
counted for the greatest amount of change; 62.7% to 64.4% of all change in the UK can be
attributed to this driver of change (the uncertainty is introduced when considering the
mixed wood class, 313). This forestry change was most common in Scotland, particularly
focused around both sides of the Scottish Border with some occurring in Wales and other

parts of England.

Seven of the top twenty changes are from a vegetated CLC class to industrial and
commercial development (121). This type of change may initially seem unusual, but this
change can, in some cases, be a predominantly land use rather than a land cover change.
The majority of these areas were not completely denuded of vegetation but converted to a
land use primarily aimed at renewable energy generation. New windfarm developments
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in vegetated areas necessitate access road building and small areas without vegetation
in the immediate vicinity of the windfarm, but they generally leave the majority of the
CLC polygon unchanged in terms of its land cover. However, because the primary land
use changes from forestry or agriculture to energy generation, under the CLC technical
guidelines, such alterations are mapped as a class change. The agricultural classes that
changed from 2xx to industrial and commercial development (121) were often converted
to solar energy farms (72%), while the forest and semi-natural classes in the uplands that
changed to 121 were mainly converted to windfarm developments (92%). The agricultural
classes changing to the industrial or commercial class covered 9241 ha, accounting for
a combined 6.4% of all changes. This is an increase from previous CLC inventories [25]
and can be mainly attributed to the increase in the number and scale of solar energy farm
developments. The overall increase in the 121 industrial class is 33,562 ha, a greater increase
than that of the urban fabric, class 112, with 11,896 ha. The net decrease of both the arable
class by 29,404 ha and the pasture class by 14,363 ha represents a combined total of 15.1%
of the total UK change.

Figure 5a shows the ten CLC classes with the largest amount of land use/land cover
change between 2012 and 2018 in terms of change area in hectares, and Figure 5b shows
the net change (gains and losses) for those classes. These ten classes showed over 2000 ha
of changed area per class.

The artificial surfaces classes 111 (continuous urban fabric), 121 (industrial or com-
mercial units) and 133 (construction sites) all gained more area than they lost, which is
indicative of continued urban land take and in particular large housing developments and
construction sites over 5 ha in area. Only class 131 (mineral extraction sites) showed a net
decrease. More new construction site areas (133) were started than completed from 2012 to
2018.

The classes 211 (non-irrigated arable land) and 231 (pastures) both lost more in area
than they gained. Urban expansion often occurs on former agricultural land around cities
and towns in the UK, and also farmland has been given over to renewable energy supply.
The advent of government solar incentives for farmland since 2010 [27] is likely to have
contributed to this apparent industrial expansion.

More than twice as much land of class 312 (coniferous forest) in 2012 was lost than
gained. Mirroring that change, class 324 (transitional woodland /shrub) gained approxi-
mately twice as much land as it lost over the 6 years. Transitions between these two classes
are representative of typical rotation forestry practices in the UK, where mature forest
stands are clear-cut and then replanted. Until the replanted forest stand is sufficiently
established, the land is classed as transitional woodland/shrub in the CORINE nomen-
clature. What is significant about the change statistics between these two classes is that
coniferous forest was harvested much faster than it was re-establishing on harvested land.
Even though this does not change the primary land use of coniferous forest land, it does
change the total coniferous forest cover and the carbon stock stored in UK forests. Wood
production has increased across the UK since 1975 [28], although since 2014 it has reached
a plateau (Figure 6a). The increase in wood production is driven mainly by softwood
production. Since the Kyoto Protocol baseline year of 1990, new tree planting in the UK
has declined, mainly because of a drop in conifer planting, due to the ending of the tax
breaks that fuelled conifer planting in the 1970s and 1980s [29,30], which has not been
compensated for by the increase in planting of deciduous trees (Figure 6b). We can see this
in the CLC change data, with class 312 showing an overall loss of 76,018 ha (Figure 5).
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Figure 5. CLC land cover/land use area gained and lost (ha) between 2012 and 2018 (a) and total
area of overall change (b) per class for the 10 largest changes.
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Figure 6. UK Forestry statistics. (a) Wood production statistics in thousands of green tonnes. Data
for 2020 are provisional. (b) New tree planting in thousands of hectares. Data for 2020 are revised.
Source: [28].

Classes 322 (moors and heathland) and 412 (peat bogs) also lost more than they gained,
which is concerning given that these land cover types are generally thought of as deserving
and receiving, in many cases, protected status. The change that is occurring in these classes
is mainly to 121 (industrial), which can be attributed to renewable energy and the building
of windfarms. As discussed above, these occupy a smaller area than is often classified
on the map because of the CLC minimum mapping width of 100 m, and that the surface
provisions in windfarms still leave vegetated areas.

3.3. Land Cover/Land Use Classes That Have Experienced the Most Gains or Losses

To put the amount of land cover/land use changes observed in the CLC change layer
2012 to 2018 into the context of the nature of UK landscapes, Figure 7 shows the gains and
losses of CLC classes as a percentage of their area extent in the UK in 2012.
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Figure 7. Percentage of the area gained and lost between 2012 and 2018 per CLC class as a proportion
of the area covered by that class in 2012. Graph shows A =+ x the log of the absolute value of % change.
Only the classes with more than 1% of the change in their area are shown.

In contrast to Figure 5 above, Figure 7 emphasises the relative change that affected the
CLC classes over the six years. The artificial surface classes 121 (industrial or commercial
units) and 122 (road and rail networks and associated land) expanded their cover substan-
tially compared to their area extent in 2012. Industrial or commercial units increases in
cover by 14.4% and road and rail networks is only slightly less at 12.5%.

Classes 124 (airports), 131 (quarries) and 132 (dump sites) decreased in area. There is
a significant redevelopment of retired military airbases into residential areas, with dozens
of projects currently underway showing changes to other urban classes, and the ceasing of
operations of some smaller airports. Similarly, there is a regeneration of quarry and landfill
sites as brownfield areas for residential and industrial expansion. Class 133 (construction
sites) showed the largest relative increase in area, which is indicative of the large areas that
were made available for housing development, road building and industrial development.
Class 141 (green urban areas) decreased in coverage, although urban green spaces are often
protected against development. It is possible, however, that developments on brownfield
sites and losses of greenbelt land in cities occurred over the reporting period. The total
loss was only 929 ha; this is distributed fairly evenly across the country, with one or two
polygons of change to either construction sites or discontinuous urban fabric in each of the
larger cities.

Out of the agricultural areas, Class 222 (fruit trees and berry plantations) has increased
significantly relative to the small absolute area that they covered in 2012. The forest and
semi-natural area class 312 (coniferous forest) has decreased significantly since 2012, while
class 324 (transitional woodland-shrub) increased even more relative to its cover in 2012.
These two large relative changes show an intensification of timber harvesting in the UK.
Class 334 (burnt areas) decreased considerably in comparison to its original extent in 2012,
which was driven by large-scale wildfires between 2006 and 2012 that were not matched in
area by new fires from 2012 to 2018. The extent of burnt areas was very low in the UK, so a
small number of changes can make a big difference to the relative size of the class.

The wetland classes 411 (inland marshes) and 421 (salt marshes) saw an increase in
relative extent compared to the baseline of 2012, representing the development of new
sites for nature conservation and natural flood management, typically by conservation
charities in partnership with the UK Environment Agency, e.g., Steart Coastal Management
Project [31].



Land 2022, 11,192

15 of 24

3.4. Changing Trends—2006-2012 Change Layer Compared to 2012-2018 Change Layer

Figure 8 shows a visualisation of the main land cover/land use transitions for both
time periods as connected graphs. The two graphs show at a glance that, from 2012 to 2018,
there were a substantially greater number of transitions in land cover/land use than from
2006 to 2012 (thicker arrows of darker colour and red hue). In both time periods, the largest
transitions in terms of change area were between 312 (coniferous forest) and 324 (transitional
woodland-shrub) in both directions, which indicate rotation forestry practices for softwood
production and tree planting after harvest. As already mentioned, the transition from 312
(coniferous forest) to 121 (Industrial or commercial units) are largely indicative of new wind
turbines in forested landscapes for the primary purpose of renewable energy generation.
This type of change is classed as 121 under the technical methodology of CORINE because
the primary purpose of the land use changes from forestry to energy production, even
though in the vast majority of cases the wind turbines only require small clearings in the
forest and most trees remain intact (Figure 9).
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Figure 8. Transitions over 600 ha in magnitude between CORINE land cover classes at Level 3 for
2006-2012 (a) and 2012-2018 (b). Arrow widths and colours are proportional to the logarithm of the
area of change (ha) from the CORINE change layers. Only changes over 500 ha are shown.

Between 2010 and 2019, wind power capacity in the UK more than quadrupled to
24 GW, with greater production capacity on land (up from 4.1 GW in 2010 to 14.2 GW in
2019) and offshore (up from 1.3 GW to 9.8 GW) (BEIS, 2020). This trend is set to continue.
Figure 8 shows an increasing transition from 211 (non-irrigated arable land) to 131 (mineral
extraction sites) and 133 (construction sites), with some changes from 231 (pastures) to
131 in 20062012 and 133 in 2012-2018. The transitions from 211 (non-irrigated arable
land) and 231 (pastures) to 112 (discontinuous urban fabric) also increased in magnitude.
Class 112 describes types of housing development with associated gardens and green
spaces that are typical for urban expansion around the fringes of towns and cities. Urban
expansion is often taking place on agricultural land previously used for crop production or
as pastures, and the CORINE statistics suggest a much greater degree of urban expansion
and new settlements over 5 ha in area since 2012 compared to 2006-2012. Additionally, the
transitions from agricultural land (211) and pastures (231) to industrial or commercial land
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(121) increased substantially from 2012; it increased from a change of 1477 ha in 20062012
to 18,462 ha in 2012-2018. From 2012-2018 there is also a new transition from 412 (peat
bogs) to 121 (industrial or commercial units), which was caused by the creation of wind
turbines in the uplands where the main peatland cover still remains but the primary land
use is now for energy production.

Figure 9. Land use change from coniferous forest to renewable energy (industrial or commercial
units), showing the exaggeration in area caused by the mapping guidelines.

3.5. Analysis of Pressures on Land Cover/Land Use Change in the UK

Beyond the descriptive analysis of large-scale land cover/land use change, the ques-
tion arises of which pressures have acted on land cover/land use in the UK that led to the
observed transitions between CORINE classes over these two 6-year periods. Most land
use and land cover changes are caused by a combination of social, economic and natural
processes which operate at all scales, from the local to the global level. For example, agri-
cultural policies combined with varying local employment opportunities lead to intensified
use of land in some areas and abandonment in other areas. These changes can therefore
affect the environment and its condition and biodiversity in either a positive or a negative
mannet, depending on context.

In the early 2000s, the BIOPRESS project [32] aimed to provide quantitative information
on how changes in land cover and land use affected the environment and biodiversity in
Europe in terms of pressures. The project produced consistent and coherent sets of historical
(1950-1990-2000) land cover/land use change information for selected sites located from
the Boreal to the Mediterranean, and from the Atlantic to the Continental regions of
Europe. BIOPRESS focused on Pressures, State and Impact parts of the DPSIR framework
(D = Drivers; R = Response) and the Pressure State Impact (PSI) model MIRABEL [33]. This
model was originally designed as a tool for predicting pressures, impacts and scenarios
of change, so the MIRABEL approach was not only being used to identify (and quantify)
pressures based on observed land cover changes over the preceding 50 years, but also aimed
to look at predicting future impacts on biodiversity. The land cover change statistics were
converted into quantitative measures of pressures on biodiversity through the integration
of socio-economic indicators.

In the BIOPRESS project, pressures have been defined as the processes that can be
determined by the spatial patterns of land cover changes that are related to habitat fragmen-
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tation at the local scale. In other words, the processes determine how land cover changes
may affect local environmental conditions. It is well known that land cover change is not
a unidirectional process (e.g., forests being converted to agriculture). In the land cover
change—pressure matrix, each land cover conversion was associated with a unique and
particular process, which was meant to represent a specific anthropogenic pressure on
biodiversity. This assumption was far from being satisfactory. Firstly, the same land cover
change might be associated with two different processes at the same time, depending on
where the land cover change took place in the first period. Secondly, it is not advisable to
assume that any type of land cover change is always a pressure on a habitat. BIOPRESS
dealt with these issues by applying expert knowledge to carry out the final mapping of
land cover conversions.

The change statistics in BIOPRESS were produced by the backdating of CORINE land
cover for Level 3 of the nomenclature at the selected sites. A land cover change—pressure
association matrix was developed which can be considered as a compact format for repre-
senting the pressures that have resulted in different transitions between all possible land
cover categories. Six main pressures were selected in BIOPRESS for the statistical analysis
of land cover change patterns in combination with economic development, technology, and
other social factors:

e  Agricultural Intensification (I): agricultural conversions as well as transformations to
more intensive practices.

e Land Abandonment (Ab): cropping cessation and conversion into early successional,
herbaceous habitats. The transition to woody, later-successional habitats was consid-
ered as a Mediterranean extension of Afforestation.

o  Afforestation (A): conversion of open (more or less natural) habitats into forests or
macchias.

Deforestation (D): conversion of forest to non-forest classes.

Drainage (Dr): All changes affecting aquatic habitats that are transformed into more
terrestrial ones, including land gain from intertidal and sea areas and the loss of
peatlands drained due to agricultural practices or forests.

e  Urbanisation (U): transformation to urban covers but also to related covers (road
system, leisure areas, construction sites, etc.).

The work here considered three further pressures/processes because it was beyond
the scope of this paper to analyse local context, specific interpretations and fragmentation
which had been undertaken in the BIOPRESS project. The additional pressures were
therefore:

Urban greening (Ug): conversion of urban classes to more vegetated classes.
Extensification (Ex): conversion of intensive agricultural classes to more extensive
management.

Re-wetting (Rw): conversion of ‘dry’ classes to wetlands and intertidal cover types.
The resulting adapted land cover change—pressure matrix is given in Figure 10, where
the colour of the land cover change combination gives the type of pressure.

In this paper, we have therefore compared the UK CLC changes from 2006 to 2012
and from 2012 to 2018 to the adapted land cover change-pressure matrix to summarise the
likely pressures being experienced in the UK.

As expected from the Level 3 change results reported above, the dominant pressures
are related to afforestation (A) and deforestation (D), Figure 11, but this is only the man-
ifestation of rotational planting in commercial forestry. The BIOPRESS analysis shows
that deforestation had a higher percentage of the total changes than afforestation over
both periods, but deforestation declined more between the two periods than afforestation
(Figure 11). These changes are also reflected by the Forest Research wood production data
(Figure 6). According to these official statistics, the average annual rate of increase in wood
production (slope of the trend line) reduced between 2012 and 2018 to 64,000 green tonnes
per year from 397,000 tonnes per year between 2006 and 2012 (Figure 6). At the same time,
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the average annual rate of tree planting across the UK slowed down substantially from
+380 ha per year between 2006 and 2012 to a declining trend of —930 ha per year from
2012-2018 (Figure 6). These trends are problematic in the context of the UK’s legally binding
commitment to achieve a net zero greenhouse gas budget by 2050. In an assessment of
pathways to achieve this commitment, the Sixth Carbon Budget for the UK by the Climate
Change Committee made four key recommendations in 2020, one of which states that
460,000 ha of new mixed woodland need to be planted by 2035, increasing woodland cover
from 13% of UK land in 2020 to 15% by 2035, and 18% by 2050 to remove CO, and deliver
wider environmental benefits. Additionally, 260,000 ha of farmland would need to switch
to producing energy crops [3].

TonT1
111 Continuous urban fabric
112 Di fabric

212 Permanently irrigated land
213 Rice fields

324 Transitional woodland-scrub

333 Sparsely vegetated arcas
334 Burnt areas
1336 Glaciers and perpetual snow

111 7112 T120 D122 123 124 131 132 133 141 142 211 212 213 221 222 223 231 241 242 243 244 311 312 313 321 322 323 324 331 332 333 334 335 411 412 421 422 423 511 512 521 522 523

Figure 10. Adapted land cover change-pressure matrix. The colours identify the pressures that the
land cover change represents: Brown—Agricultural Intensification, Light green—Land Abandonment,
Dark green—Afforestation, Yellow—Deforestation, Purple—Drainage, Grey—Urbanisation, Mid
green—Urban greening, Orange—Extensification, Blue—Rewetting.

When the likely changes related to commercial forestry are removed, the pressures of
afforestation and deforestation are equal at around 0.5% of the changes and stable between
the two change periods. This would suggest that the impacts of any government tree
planting schemes are not being detected; however, it is reported that the government
are falling short of their targets. The CLMS High spatial Resolution Layer (HRL) for
forests records changes in forest area in its dominant leaf type change sublayer. It records
forest changes on a 20 m grid (0.04 ha) rather than the 25 ha MMU of CLC, but it gives a
similar order of magnitude for the changes and a similar split between afforestation and
deforestation.

The next largest pressure is related to urbanisation or urban land take through a range
of developments, from housing and industrial to infrastructure and construction. Given
the MMU of CLC-Changes, only the large urbanisation projects will be detected and the
considerable number of small brownfield infilling developments will not be recorded. Of
particular interest, as they were identified by the interpreters during the production of both
CLC2012 and CLC2018, were the creation of renewable energy sites related to onshore wind
and solar. In CLC terms, these sites would be represented by conversion to industrial and
commercial (121). Between the 2006-2012 and 2012-2018 periods, urbanisation doubled, but
this conversion to industrial and commercial actually trebled. As onshore wind dominates
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in the uplands and solar tends to be in the lowlands, a rough breakdown of the split
between onshore wind and solar can be made by considering the source class for the
change. From a sample of the 500 largest change objects going to 121, it was found that 92%
of the changes from forest, semi-natural and bog classes were related to onshore wind, and
72% of the changes from arable and pasture were to solar, so the assumption holds. In fact,
of the changes in the 2012-2018 period to 121, 79% were related to renewable energy. In
the 2006-2012 period, the split in the percentages of change was 2.60 and 0.69 for onshore
wind and solar, respectively. By the 2012-2018 period, the changes had both increased and
the split altered to 3.88 and 6.37, respectively, giving increases by a factor of 1.5 and 9.2.
These increases and the change in the split between onshore wind and solar are comparable
with the BEIS electrical generating capacity figures for renewable sources, which increased
factors between the two periods of 1.7 and 6.5, respectively. The CLC-Change results are
very realistic, even considering there will be some commission of changes that are not
related to renewable energy.
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Figure 11. Pressures being experienced in the UK based on the BIOPRESS approach. Key: Agricultural
Intensification (I), Land Abandonment (Ab), Afforestation (A), Deforestation (D), Drainage (Dr),
Urbanisation (U), Urban greening (Ug), Extensification (Ex) and Re-wetting (Rw).

The remaining pressures are relatively minor compared to forestry and urban devel-
opment. However, there appear to be increases in agricultural intensity which goes against
the need for increased biodiversity in the agricultural environment and the promotion of
regenerative farming in recent years. It will be interesting to see if this has changed by
the next CLC update. More promising is the increase in urban greening, a trend which
must continue in order to keep established urban areas habitable given the likely impacts
of climate change. This result may appear to contradict those in Figure 7, but in that case
only changes to the CLC class 141 (green urban areas) were considered. In this pressure
analysis, all changes from an urban to a vegetated class, e.g., 131 (mineral extraction sites)
to 231 (pastures), associated with the restoration of sites were included. It is hoped that this
pressure will increase in future and be more strongly detectable in CLC updates.

4. Discussion

The change results described above raise a number of issues and important conclusions
for land cover/land use mapping and changes to the UK landscape. Firstly, the rate of
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change between the subsequent CORINE land cover maps is continuing to increase. As
reported in [25], between the 2000-2006 map and the 2006-2012 map, there was an increase
in the amount of change mapped by 21,854 ha, or 11%, and the variety of types of change
also increased. This increase is continuing with changes between 2012 and 2018, covering
an area of 76,032 ha greater than 2006-2012, which represents 26% of the total change. The
changes mapped in 20062012 covered an area equivalent to 0.86% of the total land area of
the UK, and in 2012-2018 this increased to 1.16%. The number of different types of changes
is also continuing to diversify, as seen in Figure 8, the diagram of directions of changes
between the two time periods. The results of land cover/land use change presented in the
paper are broadly indicative of the important processes happening in the UK landscape.
However, developments in both the CORINE mapping process and the pressures on the
UK landscape have resulted in some changes being represented accurately, or enhanced,
while others are less well-captured. It is important to consider these while moving forwards
into the next generation of CORINE.

Because the CORINE class descriptions and the technical manual have stayed essen-
tially unchanged for decades, some new land use forms have to be mapped into an existing
class. This is most prominent in the mapping of renewable energy infrastructure, which
is classed as ‘artificial surfaces’ if the primary land use of an area has changed from, say;,
forestry or agriculture to energy production. However, the dominant land cover of that
land parcel may not have changed that much. Often, wind turbines are erected that use
up very small areas of the parcel and that are connected by narrow roads or bridleways.
Similarly, fields which host solar farms can and do continue to be used as pasture for
small livestock such as sheep and poultry in a multi-purpose land use arrangement [34].
However, under the CORINE guidelines, these parcels are still classified as an artificial
surface. This represents a trade-off between continuity and contemporary relevance; on the
one hand, mapping to the same specification over decadal timescales enables long-term
trends to be analysed, which is valuable in landscape studies [35]. On the other hand,
newly developing trends in the dynamics of the landscape may not be best captured by
older specifications and, as a result, the interpretation of the results of the changes requires
an in-depth understanding of the mapping guidelines [21] in order not to misinterpret the
data. From the perspective of the map producer, this means that the mapping guidelines
must be clearly communicated as part of the data product.

Although the CLC mapping guidelines have remained relatively stable from the first
products in 1990, there has been continuous variability in the specifications of the input EO
data against which the changes are mapped. Originally, the 30 m spatial resolution Landsat
series of satellites was the preferred choice, but due to the loss of Landsat 6, instrument
problems on Landsat 7 and the shortening repeat frequency of the product from 10 to
6 years, other systems had to be used to plug the gap to give a relatively heterogeneous
image data source. For 2018, the Copernicus Sentinel-2 system offered a consistent and
reliable image source with similar capabilities to Landsat. However, a key change was
the reduction of the spatial resolution down to 10 m, giving a resolving power six times
better than Landsat (Figure 12). As can be seen, this allowed more accurate identification
of small features and those with fine spatial textures such as suburban, road networks and
windfarms. Although there was no change to the method, the improved 2018 data allowed
the identification of technical changes (e.g., small suburban areas) that were not visible
in IMAGE2012. Now that these technical changes have been made to CLC2018, future
updates should be easier and more accurate, and Sentinel-2 will continue to be available
over the next few decades at least.
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Figure 12. A comparison of Landsat 8 (a) and Sentinel-2 (b) data (fcc) on the same day for an area in

northeast England, showing the increased resolving power of 10 m spatial resolution data (right),
particularly the traffic roundabout in the centre of the image and the suburban areas in the lower right.

The dominant landscape change in the UK is clearly the cutting of coniferous forests,
and their subsequent regrowth as part of the rotation forestry for timber production. This
has not changed since the last analysis between 2006 and 2012; however, what has been
identified this time is the net reduction of the replanting and regrowth. A significant
number of land parcels that were ‘coniferous forest” in 2012 changed to ‘transitional wood-
land/scrub’ in 2018, leading to a net reduction in the coniferous forest cover over this
period in the CORINE map. This is also reflected in Deforestation being one of the main
pressures on the UK habitats according to the BIOPRESS methodology (Figure 11). Al-
though over the same timeframe, the UK wood harvesting statistics are fairly stable at a
very high level (Figure 6), the new tree planting statistics (Figure 6) appear to be insufficient
to compensate for the high harvesting intensity. This is particularly an issue of concern
in the context of the UK’s pathway towards net zero carbon emissions by 2050, which
was turned into law in June 2019. The UK’s Sixth Carbon Budget [3] recommended that
the UK’s woodland cover should increase from 13% to 15% by 2035. To achieve this goal,
a further 440,000 ha of mixed woodland will have to be planted to remove CO,. Over
the same timescale, 260,000 ha of agricultural land should switch to bioenergy produc-
tion, including short-rotation forestry. The CORINE class definitions in their current form
would not be able to adequately quantify the changes towards these new forms of land use.
Bioenergy production would be classed as agricultural cropland or, if covered by young
trees, as transitional woodland/scrub. In terms of assessing the UK's habitats and carbon
balance, it is important to know whether an area of transitional woodland /scrub is actively
growing new trees as part of commercial forestry and bioenergy production or if it has been
abandoned; there is an opportunity to incorporate this into the next generation of landscape
mapping. Peatland restoration is also part of ongoing climate mitigation efforts in the UK,
which has substantial peatland areas, most of which are degraded to some degree. The
CORINE classes do not currently distinguish between restored and degraded peatland,
although that will become a major issue for policy.

The process of urbanisation or urban land take has been highlighted in the results
between 2012 and 2018 and is a trend identified in previous iterations of the CLC inventories.
The major headline to note is the dramatic increase in the amount of renewable energy
infrastructure in the UK over the last two decades. Due to the specifications of CLC, it may
not always precisely represent the area of land that is being taken, but it is clearly picking
up the trends in this sector and even the split between onshore wind and solar projects due
to their context. In the case of onshore wind, the visual interpretation of satellite images
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and the exaggeration of this class with the mapping rules have been an advantage. Future
developments of CLC, described below, will more accurately map windfarms as turbines
and access roads, but the use of a characterisation rather than classification approach will
allow both land cover and land use attributes to be attached to these features.

Other growths in impervious land such as the reported 12.5% rise in transport infras-
tructure and 105% increase in construction sites, although significant, need to be viewed
with caution as the total areas these land uses cover are relatively low across the whole of
the UK. Urban fabric, in the sense of the built environment, is captured in the CLC classes
111 and 112. These classes have both increased between each iteration of the CLC maps;
however, the rise between 2012 and 2018 is 11,925 ha, accounting for an increase in just
below 1% of their cover in the UK.

Moving forward the CLMS will continue to expand its portfolio to provide improved
land cover/land-use products and provide more information on surface characteristics
and dynamic behaviours. Central to the CLMS development at the pan-European scale
will be the CLC+, or 2nd generation CLC, initiative, which will provide base datasets with
improved spatial resolution and thematic content. The CLC+ Backbone will provide a
wall-to-wall land cover map with a 0.5 ha MMU, but a relatively simple nomenclature
compared to current CLC standards. The CLC+ Core will be a corresponding grid-based
(1 ha) thematic information engine holding detailed land cover, land-use and additional
characteristics for each cell. CLC+ Core will adopt the EAGLE data model [36], which is
specifically designed to characterise rather than classify landscape features, thus allowing
improved descriptions, greater flexibility and better representations in different application
contexts. CLC+ Core will be drawn from a broad range of CLMS, EEA Member State
and open-source datasets. By combining CLC+ Backbone and CLC+ Core via appropriate
mapping specification and rule sets, an almost infinite number of derived CLC+ Instances
can be produced, based on a common underlying information source. The first CLC+
Instances to be produced will be related to Land Use, Land-Use Change and Forestry
(LULUCE), an inventory for emissions and removals of greenhouse gases resulting from
direct human-induced land use, and CLC+ Legacy, the conventional CLC that we have
today. Together, these products will form a powerful tool for tracking and understanding
our environment in increasing detail while being compatible with the long time series of
CLC.

5. Conclusions

There has been an increase in the rate of change in UK land cover/land use, both in
area and type of change. An area covering 1.16% of the total UK has changed between 2012
and 2018. The urban fabric has increased by 1% and the industrial or commercial units by
14%, which has been driven by the increase in renewable energy infrastructure, accounting
for 79% of this change. The dominant landscape change in the UK remains the clearcutting
and regrowth of coniferous forests; however, there seems to be a reduction in replanting
and regrowth leading to net reduction of forest cover.

The two largest changes in the UK landscape during the period 2012-2018—forestry
and renewable energy—while represented clearly in the change mapping are both some-
what vulnerable to misinterpretation under the current CORINE methodology. The pro-
ducers of this map emphasise the need for careful review of mapping guidelines before use
of the data.

The nomenclature has been stable for decades, which enables long-term changes and
trends to be identified; however, some more recent types of changes, such as the renewable
energy types, are not as well captured. In its current form, CORINE is not well suited to
mapping the classes required for the UK net zero assessment because the class definitions
would not adequately quantify the change to the new forms of land use required to meet
the UK climate change targets. However, the new methodology based on CLC+, which
enables the distinction of land use and land cover, and the increase in spatial resolution will
be able to more accurately capture some of the most important contemporary land changes.
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Consistent long-term monitoring of land change is extremely important in the changing
environment of the 21st century and should be maintained in the UK to support progress
towards climate commitments, which will require a component of significant land-use
change in the coming decades.

However, at the time of writing, it had not been confirmed whether the UK will
continue to be part of the Copernicus programme and therefore whether the CLMS products
will be updated for the UK following Brexit. As environmental time-series grow, their value
increases, and at this time of climate emergency and biodiversity crisis it is important that
CLC and other CLMS products continue to be regularly produced for the UK in a manner
consistent with the complete European coverage.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/1and11020192/s1, Table S1: full change matrix showing total area (Ha) of each change
2012-2018.
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