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Late spring 2001 will see the release of Land Cover Map 2000 (LCM2000), an entirely new geographical
information system (GIS) product recording land cover, derived from analysis of images recorded by sat-
ellite sensors, for the whole of the United Kingdom (UK). Many may think of it as an update of the Land
Cover Map of Great Britain (LCMGB), released in 1992, but LCM2000 incorporates a wide range of en-
hancements in information content, format and accuracy. LCM2000 will provide a census of the UK as a
part of the Countryside Survey 2000 (CS2000), which provides a detailed survey based on a sample of
569 one-kilometre square areas. The outputs of CS2000 will be closely integrated in the form of data-
bases, digital maps and a range of derived products, for easy use in a GIS and statistical packages.

Land Cover Map of Great Britain

The LCMGB, produced between 1990 and 1992, pioneered

the use in Britain of remote sensing for land cover census at

the national scale. It recorded 25 land cover types, on a 25 m

grid, using a conventional pixel-based classification

methodology, with limited knowledge-based corrections

using contextual data. The LCMGB and the field data from

the Countryside Survey 1990 (CS1990) were compared and

contrasted qualitatively and quantitatively, giving

correspondences which varied from 50%-90%, and it was

concluded that the LCMGB accuracy was generally

80%-85%. An exact quantification was precluded by

differences between the dates of the field survey and image

acquisition, the choices of class definitions and use of

different data models (pixels and land parcels).

The LCMGB data gave complete national coverage

and were uniquely capable of generating useful information

at a field-by-field level. Both CS1990 field survey and

LCMGB data sets were incorporated in a one-kilometre

grid in the Countryside Information System (CIS), a com-

puter package designed for planners and managers which

offered integrated applications and analysis at the national

scale. More recently the LCMGB has been converted to the

CORINE Land Cover format, contributing the British com-

ponent to this European land cover map / database.

Since 1992, LCMGB data have been made available,

under licence, to around 400 users in Government Depart-

ments, the Agencies, the utilities and commerce, and

research organisations advising these users. The CIS has of-

fered integrated applications to over 350 other users since

its release in 1994.

Land Cover Map 2000 enhancements

Although the LCMGB and its derived products have been a

great success, a number of issues were identified where

improvements could be made. Four key refinements were

thus envisaged in the production of the LCM2000:

· Improved accuracy of classification – use of an ad-
vanced parcel-based classification methodology,
selection of the most appropriate and informative
imagery, and increased use of contextual informa-
tion.

· Added thematic detail – a larger set of mapped
classes, and use of contextual information to map
classes which are similar spectrally.

· Compatibility with other systems of environmen-
tal survey and evaluation – adoption of a
parcel-based analysis and a vector storage frame-
work within an integrated GIS, and use of a
classification scheme derived from a national
standard.

· Closer integration between CS2000 field survey
and LCM2000 map data – collection of images co-
incident with the field survey, and use of
compatible classification schemes.

Parcel-based analysis

The regular grid of pixels in raster satellite images imposes

an unrealistic structure and leads to a range of erroneous

image artefacts which reduce classification accuracy.

Pixels within areas assumed to be ‘thematically

homogeneous’ do not necessarily give the same results due

to data noise, atmospheric effects and natural variation of

the surface. The results of pixel-based methods therefore

have a speckled appearance which can be misleading and

may indicate poor quality with, for instance, pixels of grass

appearing within wheat fields. Also, pixels on the boundary

between areas are more likely to give erroneous results as

their spectral information is received from multiple surface

types. Many of these characteristics were identified in the

LCMGB.

Historically, the intensively used landscapes of the de-

veloped World have usually been mapped on the basis of

land parcels which exist at a range of scales down to indi-

vidual fields. Land parcels tend to contain uniform

attributes, whether they be land cover, land use or some

other environmental property. In semi-natural environ-

ments, the boundaries between land parcels may be less

distinct and more difficult to map, in practice, representing

ecotones or transition zones. However, cartographic repre-

sentation frequently delineates distinct areas of a
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supposedly uniform nature. A parcel structure is often the

reporting framework prescribed by user needs and relates to

the users’ perceptions of the landscape. The land parcel

structure of the landscape would therefore appear to be an

appropriate framework within which to undertake

spatio-ecological / environmental analyses.

Remote sensing analyses of structured landscapes,

both artificial or natural, could therefore benefit from the fa-

cility to examine or process pixels within identifiable land

parcels which conform to the actual extent of the feature

present. The application of such a procedure should maxi-

mise the information available for the analysis of the

feature, measure and/or smooth unwanted variation and

noise, and allow separate analysis, or exclusion, of bound-

ary pixels. The use of ‘real world’ features allows further

improvements to the procedure, by the use of contextual

data, not normally available within pixel-based procedures,

for knowledge-based correction or additional processing.

The main refinement in LCM2000 is therefore centred

on the parcel-based methodology for the analysis of re-

motely sensed images and the storage of results. The initial

developments for parcel-based analysis took place within

the CLEVER-Mapping project (classification of environ-

ment with vector and raster-mapping - Smith et al. 1998).

The first operational use of the parcel-based analysis was

the creation of the Land Cover Map of Jersey, 1997, which

was based on land parcels derived from a generalisation of

digital cartography, analysed using spatially enhanced re-

motely sensed images (Smith and Fuller 2000).

The parcel-based classification methodology treats the

remotely sensed data within a land parcel as a single entity

and combines the individual pixel values statistically (Fig-

ure 1). To avoid the problems associated with mixed edge

pixels, a dynamic land parcel shrinking procedure reduces

the size of the land parcel to exclude pixels between adja-

cent land parcels. The shrunken land parcels are then used

to extract pixels from the remotely sensed image for the

core of each land parcel, thus measuring and minimizing

within-parcel variation. The pixels extracted from the core

of the land parcel are then aggregated to give mean values

per image spectral band. The classification algorithm is

then applied using the mean values rather than those of the

individual pixels. Ancillary data, such as elevation or soil

type, can be attached to the land parcels from a range of ras-

ter, vector and point sources. Additional contextual

information can be obtained from the classification results

and ancillary data, attached to the surrounding land parcels.

Knowledge-based correction procedures, based on the an-

cillary data, can then be used to further process or correct

the initial classification results. All the ancillary data and

results are held as attributes on the land parcels and are eas-

ily accessible for further analysis.
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Figure 1. The parcel-based approach to the analysis of remotely sensed data showing the land

parcel, the extracted ‘pure’ core pixels and the excluded ‘mixed’ boundary pixels. Each land

parcel holds ancillary data and aggregated information as attributes for analysis.



LCM2000 production

Image data

The main input data for the production of LCM2000, as
with LCMGB, were multi-temporal satellite images: sum-
mer images to separate crop types and winter images to
identify permanently vegetated areas and their deciduous or
evergreen character. The dates of image acquisition were
selected, as far as possible, to matched the dates of the
CS2000 field survey, i.e. summer 1998 with the winter im-
age ideally coming from winter 1997/98. The satellite
sensor of choice was the Thematic Mapper (TM) flown on
the Landsat series of satellites.

Due to poor weather conditions during the target period

in summer 1998, images were also acquired in 1999 and

2000. It was also necessary to use data from the Linear Im-

aging Self Scanning (LISS) sensor on the Indian Remote

Sensing Satellite (IRS) series of platforms. Although LISS

suffered from poorer performance than TM, the par-

cel-based methodology was found to be effective at

integrating multi-sensor data.

An essential requirement for parcel-based analyses

was of course a land parcel dataset which subdivides the

landscape. Existing vector data were the obvious source of

land parcels, but practical difficulties prevented their use at

the national scale. Fortunately, image data can provide land

parcels through image segmentation which identifies ‘rela-

tively’ homogeneous segments. The image segments were

then polygonised to produce vector land parcels which be-

came the analytical and storage framework of LCM2000.

Parcel-based classification of remotely sensed images

The parcel-based methodology described above was

applied to classify the segmented land parcels, using

summer-winter composite images. As with pixel-based

classifications, it was necessary to train the algorithm with

reconnaissance data for areas of known land cover type.

The procedure for training the classifier was objectively

based on land parcels, identified individually by pointing to

them on screen, without the need to painstakingly draw the

outline. Software tools, which exploit the parcel-based

approach, allowed the review of training areas using a

visualisation of the mean and extreme spectral signatures in

the summer and winter images for each training area. The

operator then compared training areas, defined spectral

subclasses, rejected odd examples and flagged training or

validation land parcels. The classification procedure

applied a conventional maximum likelihood algorithm,

based on the training statistics, comparing a land parcel’s

mean statistics to select the most likely class in statistical

terms; the probabilities for the top five subclass being

recorded.

Knowledge-based corrections with contextual data

A range of knowledge-based corrections was applied which

used the class probabilities, spatial context and a

combination of external data to identify land parcels

classified with low confidence and/or those with classes out

of their natural context. The use of class probabilities was a

particularly subtle yet powerful tool for post-classification

correction.

Classification scheme

The classification scheme was designed to deliver a

standard list of about 16 target land cover types (Table 1),

but was also subdivided into 24 subclasses. These were

selected to allow assessments of widespread Broad Habitat

types as defined to meet objectives of the Biodiversity

Action Plan and UK obligations to protect Priority Habitats

under the EU Habitats Directive. The classification scheme

also met much wider user needs for data on farming

practices and urbanisation.

Table 1

A list of LCM2000 target land cover types

Sea / Estuary

Water (Inland)

Littoral rock and sediment

Supra-littoral rock and sediment

Bog

Dwarf shrub heath

Montane habitats

Broad-leaf woodland

Coniferous woodland

Arable and horticulture

Improved grassland

Abandoned grassland

Semi-natural and natural grasslands

Fen and marsh

Built up areas

Inland bare ground

Validation

The aim for LCM2000 is to have more than 90% of parcels
correctly allocated. CS2000 field survey data are being
used to validate the LCM2000, although this is process is as
yet at an early stage. Analysis based upon field reconnais-
sance data suggest that the LCM2000 has a correspondence
of greater than 95%. Although this value, lacking independ-
ence, is surely an overestimate, it suggests that the aim of
greater than 90 % correspondence with the CS2000 field
survey will be achieved.

Products

The main output of LCM2000 will be a vector GIS

database, dividing the UK into land parcels (Figure 2) and

recording an extensive range of attributes for each parcel.

From this database, a set of standard products will be

derived with a subset of attributes appropriate to different

applications. These standard products will be available for

the whole country or user defined areas. Additional outputs

will be generated such as raster products, similar to

LCMGB, and summary 1 km data (% cover, dominant

cover per 1 km square) for incorporation in the CIS.
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Conclusions

The production methodology for LCM2000 has produced

much more than just a repeat or update of the LCMGB. The

use of parcel-based methodologies in its creation has taken

land cover mapping from the analysis of an arbitrary grid to

the consideration of ‘real world’ objects and their place in

the wider landscape. This has resulted in LCM2000

products conforming with our perceptions of the landscape,

addressing the needs of the user community, and improving

the accuracy of the results. The production stages generate

methodological information and results, which are retained

on the land parcel and, together with contextual data, form a

much richer information source than conventional

pixel-based classifications. The LCM2000 will not only

provide information for environmental analysis, but will

regularly form the framework for future data collection and

integration.

Useful web sites

1. CIS http://www.cis-web.org.uk/

2. CORINE-GB

http://www.nmw.ac.uk/ite/Monk/CORINE/in-

dex.html

3. CS2000

http://www.cs2000.org.uk/

4. LCMGB

http://www.nmw.ac.uk/ite/lcm.html

5. LCM2000

http://www.cs2000.org.uk/componets/Mod7.htm

6. SEO http://www.nmw.ac.uk/ite/Monk/seo.htm
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Figure 2. a) Cambridge and surroundings from LCM2000. b) An enlargement highlighting the parcel structure for Monks

Wood and showing the CEH site (X) surrounded by deciduous woodland (D), rough grassland (G) and coniferous woodland

(C). The landscape around Monks Wood is dominated by arable farming (A).


