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ABSTRACT 
 
Data about land cover and land use are fundamentally information for politics, planning, environ-
mental protection and economics. After representation of the importance of land cover and land use 
information, the problems of the collection and the recording methods are described and compared. 
Requirements and development tendencies of land cover/use nomenclatures are represented. After-
wards the two most important current European programs CORINE and LUCAS are shown in detail. 
Finally the challenges and solutions for computer-assisted collections of surface information on basis 
of satellite photograph material are represented.  
 
 
1 IMPORTANCE LAND COVER AND LAND USE DATA 
 
Information on land cover and land use is urgently required for policy-making, business and adminis-
trative purposes. In policy-making, it forms the basis for gauging developments and opting for devel-
opment programmes (e.g. as part of European structural development programmes). In farming, the 
data are required for agricultural statistics, subsidy policy and the monitoring thereof, and also for 
determining the thrust of future farming policy. In forestry management, data are above all needed to 
monitor inventory developments and on-going forestry planning. With their spatial detail, the data are 
likewise crucial for environmental protection and spatial planning. In environmental and notably soil 
protection, the data form the basis for assessing the condition of Nature and landscapes, e.g. the state 
and development of biotopes, the condition of conservation areas, ground-seal surveys and fragmenta-
tion. Over the past decade, the significance of biodiversity as an important indicator for biological 
diversity has been recognised. Planning draws directly on land-cover and land-use information and 
requires it in as fresh a form as possible for future planning as well as for the monitoring of implemen-
tation. Last but not least, business for instance radio-telephony and logistics companies need land-
cover data for provision of their services. Hence it can be stated that land data of varying spatial accu-
racy, thematic detail, and ultimately also thematic variety are required. 
 
2 DEFINITION OF TERMS 
 
In many existing information systems, the terms “land cover” and “land use” overlap, with natural and 
near-natural vegetation being defined as land cover, farming and urban areas by contrast as land use. 
These are two different aspects, however, and the distinction between land cover and land use is of 
fundamental importance. Con-fusing these two terms and using them ambiguously leads to problems 
in practice, especially where data from the two different dimensions are to be harmonised, compared 
and/or combined. 
Land cover is taken to mean a physical description of space, of the observed (bio-) physical cover of 
the Earth’s surface (DI GREGORIO and JANSEN 1997). It indicates what covers the land. Distinc-
tions are made between the following key biophysical categories: vegetation areas (trees, bushes, 
fields, meadows), uncultivated areas (even though this actually means there is no cover), hard surfaces 
(rocks, buildings) and wetlands and bodies of water (extensive bodies of water, water courses, wet-
lands). Land cover is “observed” at varying distances from the Earth’s surface: with the naked eye, 
using aerial imagery, or via satellite sensors. 
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Land use is described with reference to the functional dimension, i.e. the socio-economic purpose of 
land use: examples are residential, industrial or commercial lands, farming or forestry areas, recrea-
tional or conservation areas etc. Land use can only be partially observed, and frequently not at all di-
rectly, and additional information is often indispensable. To an extent it is possible to draw conclu-
sions for land cover from land use and vice versa. But the link is often not clear or obvious. In contrast 
to land cover, land use is difficult to “observe”. Information from the observation source may be insuf-
ficient and require supplementary details - from the owners of lands in the case of agricultural utilisa-
tion, for instance. 
Sometimes, functional aspects can be determined by means of physical factors (DUHAMEL and 
VIDAL 1998). By analogy, the biophysical aspect can be derived from the functional aspect. This 
interrelation between cover and use, which in many respects is ambiguous, ultimately means that 
cover and use need to be recorded separately, since they cannot be clearly merged with one another. 
Methodological and sectoral arguments favour a systematic separation of the two undertakings. This 
despite the fact that, given user requirements and the potential cost of duplicate data capture, it is diffi-
cult to justify using and administering data with origins in two different undertakings. 
 
3 PROBLEMS AND METHODS OF RECORDING LAND COVER AND LAND USE DATA 
 
Surveying land cover and land use is very input-intensive whilst also being methodologically difficult. 
The enormous effort involved in area-wide surveys is evident from the size of the areas being mapped 
alone. In the case of Germany, for instance, there is 350,000 sqkm of land to be mapped, which, as-
suming a mean unit of 10 ha (25 acres), yields a total of 3.5 million irregular polygons. This throws up 
a plethora of problems from a methodological point of view that are detailed below. 
Diversity of land-cover types: Both the biogenic and the anthropogenic worlds are characterised by a 
huge diversity of species, forms and objects. Practically no object, be it a woodland area or building, 
resembles another. That makes it difficult to identify any item contained in remote sensing data 
through visual interpretation or to assign it to a specific land-cover or land-use type, and indeed this 
can often not be clearly done at all. Automated determination (through, for instance, classification) is 
even more difficult, though on cost grounds it would be desirable. 
Mix of cover: Assignment of land cover/use to a given class strongly depends on the observation units 
defined. Thus, multiple uses (e.g. underground car parks with a green-area covering) and mixed cover 
(e.g. CORINE Land Cover class 1.1.2 - Residential discontinuous urban fabric) within an area unit are 
often inevitable. 
Spatial delimitation: Transitions between cover and use types are often fluid, making clear delimita-
tion impossible. This applies both for the delimitation of biogenic areas in respect of their land cover 
(e.g. CORINE Land Cover class 3.2.4 - Transitional woodland shrub) and for the use of anthropogeni-
cally developed areas (e.g. CORINE Land Cover class 1.2.3 - Port areas). 
Changes in land cover: Chronologically heterogeneous coverings or uses are strongly dependent on 
the observation period. Farming statisticians apply the rule of the main crop, defined in terms of the 
greatest economical value. If this rule cannot be applied, the crop is selected in its place that remains 
on the plot for the longest period of time. The frequently adopted practice of evaluating exclusively 
monotemporally available image data likewise gives rise to problems (e.g. tidal areas, rice fields). 
Changes in land use: Such changes are not necessarily associated with changes in land cover. The use 
of a building for a different purpose, for instance, can change a residential into a service-provision 
function and vice versa, uses that in many nomenclatures fall into different classes. It is essential here 
to augment image data with other data. 
Data situation: Land cover, and in particular land use, cannot be determined using remote-sensing 
imagery or in-situ recording alone. Frequently, additional information is needed. The quality of classi-
fication is directly influenced by the scope, quality and freshness of any ancillary data. The degree to 
which such ancillary data are available or usable varies considerably from place to place. The larger 
the recording area, the more this is the case. The data situation in the various federal states of Ger-
many, for example, is very heterogeneous. This needs to be borne in mind when defining nomencla-
tures. 
Divergent user interests: The interests of data users vary considerably. There are differences regarding 
the intended scale, sectorally-related interest in selected cover and use classes, and the planned further 
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processing of data. A pan-European area survey necessitates a coarser nomenclature (as many areas do 
not meet the minimum area size) than a regional area survey. For sectoral reasons, for instance, the 
forestry sector is specifically interested in areas used for forestry, which are heavily detailed in the 
nomenclature, whereas all non-forestry areas are not. The same applies for farming lands and their 
degree of detail in respect of agriculture. As regards the exhaustiveness of an area survey, it can be 
said that area planning requires all-embracing, area-wide mapping whilst random surveys are adequate 
for statistical purposes. 
Survey basis: Land cover and land use can in principle be surveyed using cadastre information, image 
data (aerial or satellite imagery) or on-foot inspections. These procedures involve very differing levels 
of accuracy and, indeed, of input.  
Survey methods: Cadastre-based survey, remote sensing-based surveys, area-sample methods and hy-
brid variants of land surveys. 
Survey costs: Survey costs depend on the recording method. It is essentially true that: costs rise in line 
with scale, cadastre aggregations are cheaper than random surveys, which are in turn cheaper than 
area-wide mapping exercises and up-dating is cheaper than the initial survey. 
 
4 CLASSIFICATION SYSTEMS OF LAND COVER (LC) AND LAND USE (LU) 
 
Classification systems are abstract tools that describing the situation in the field using well-defined 
rules and criteria’s. SOKAL (1974) defined it as: “the ordering or arrangement of objects into groups 
or sets on basis of their relationships”. A classification system describes the systematic framework 
with the name of the classes and the criteria used to distinguish them, and the relation between classes. 
Classification systems thus necessarily involves definition of class boundaries that should be clear, 
precise, possibly quantitative and based upon objective criteria (DI GREGORIO and JANSEN 1997). 
A classification system ought to be the product of an on-going interaction between the following ap-
proaches: 
- a systematic approach whereby information is structured in accordance with logical principles (ex-
haustiveness, absence of overlaps, unequivocal definition of classes, rules for representing objects in 
the classification), 
- a pragmatic approach taking account of user needs and existing information stocks, and  
- a context-related approach that addresses specific constraints regarding the sectoral area under inves-
tigation - in the case of land cover and use, there are a number of constraints relating to the geographi-
cal dimension of information. 
 
4.1 STANDARDISATION EFFORTS 
 
Standardisation efforts of Earth-surface related nomenclatures at a global level to gain actual and 
comparable data have a long history. Success could be achieved especially with nomenclatures of soil 
(e.g. “World Reference Base for Soil Resources” (WRB), WORLD-SOTER-program) and vegetation 
(e. g. “UNESCO classification of vegetation”, FDGC-NVCS).  
Given the wealth of different types of, for the most part, non-comparable LC/LU nomenclatures, di-
verse organisations undertook steps from an early stage to analyse existing nomenclatures and effect 
standardisation. Such efforts in respect of LC/LU nomenclatures are manifold. The FAO (Food and 
Agriculture Organisation), for instance, developed a universally applicable Land Cover Classification 
System (LCCS) that describes and classifies soil types in differentiated form. The modular, theoretical 
concept was adopted for the AFRICOVER project. In the framework of the United Nations Environ-
ment Programme (UNEP), it was realised in 1993 that the goal of defining a single globally valid clas-
sification of land cover and use is unrealistic. In the years that followed, however, guidelines for the 
definition of LU/LC nomenclatures were drafted (Wyatt et al. 1997). The International Geosphere-
Biosphere Programme (IGBP-DIS) published a global LC product of 1km grid width, drawn up on the 
basis of satellite imagery (Belward et al. 1999). The EU commissioned the two studies CLAUDE (Co-
ordinating Land Use and Cover Data and Analyses in Europe) and LANES (Development of a Har-
monised Framework for Multi-purpose Land Cover/Land Use Information Systems Derived from 
Earth Observation Data) in 1998. The activities of the European Environment Agency (EEA) culmi-
nated in the CORINE Programme, which is set out in detail in Subsection 5.1. Another attempt to cre-
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ate an harmonized statistical classification of LU was the classification CLUSTERS (Classification for 
land use statistics: EUROSTAT remote sensing programme) by EUROSTAT/CESD Communautaire 
in 1993. In 2000 EUROSTAT started the European-wide project LUCAS (Land Use/Cover Area 
Frame Statistical Survey), shown in detail in chapter 5.2.  
The upshot of all these various endeavours was a better understanding of the problem, the formulation 
of requirements for nomenclatures, and diverse techniques for transforming land cover into land-use 
classes. 
 
4.2 ASSIGNATION OF LC/LU NOMENCLATURES BY INNER STRUCTURING 
 
Nomenclatures could break down as follows as regards their structuring: 
- Single-level nomenclatures (list nomenclatures) 
- Hierarchical nomenclatures (multilevel nomenclatures): e.g. CORINE Land Cover 
- Modular nomenclatures: e.g. FAO-Land Cover Classification System 
- Nomenclatures involving separation of Land Use/Land Cover (different layer): e.g. TER-UTI, 

LUCAS, SLICES. 
 
4.3 REQUIREMENTS AT NOMENCLATURES 
 
In principle Nomenclatures should be comprehensive, with scientifically sound, systematically con-
structed, practically oriented as well as flexibly applicable. In the following substantial requirements 
at LC/LU nomenclatures are listed: 
- Spatial consistency 
- Temporal consistency 
- Independence from data collection and processing tools 
- Consistency of scale 
- Identification rules 
- Completeness 
- Absence of overlap 
- Compatibility with existing classification systems 
- Multiple-user systems. 
 
4.4 TENDENCIES IN DEVELOPING NOMENCLATURES 
 
Distinction of Land Cover and Land Use: While in earlier nomenclatures Land Cover and Land Use 
were always mixed, into newer nomenclatures one separates increasingly strictly. Examples of it are 
LUCAS and SLICES. 
EU-Harmonization: For different sectoral policies of the European Union, land information is of fun-
damental importance (DG ENV, DG REGIO, EURO ACT, EEA, OECD etc). These are comparable 
only with uniform nomenclature and collection methodology for the several member countries, which 
worked so far with their own nomenclatures. 
Rising demands for accuracy: The requirements of the accuracy of the land information rises. This 
concerns both, the positional accuracy of the data and the thematic accuracy (classification quality). 
This is to be due to ever better geo base data of the users, who must combine the land data also with 
other digital area referred data sets. In the end also the quality of the basic information for an inven-
tory rises, e.g. the geometrical resolution of the satellite image sensors. 
Change mapping: The geo data base of many users becomes ever more extensive. Thus increasingly 
the task of a first recording is replaced by data by demand after an updating of the data. This leads to 
fundamentally different methodology. If the remote sensing image processing is used for a data updat-
ing, then it is called Change-Detection procedure. 
Conversion of nomenclatures: In the meantime, on basis of existing nomenclatures are extensive vol-
ume of data was provided at high financial expenditure. Even, if through the development of nomen-
clature some nomenclature definitions cannot be regarded than optimally any more, the data are of 
inestimable importance. On the one hand, are as starting point for change mapping, on the other hand 
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than historical time and motion study. With the definition of new nomenclatures respects the possibil-
ity of conversion into existing nomenclatures increasingly. So also the information from other nomen-
clatures can be used with limited thematically precision. 
Collection effectiveness: Land cover/Land use recording are very expensive. The clients for it are usu-
ally the public hand, which has ever smaller financial resources. Therefore there is an intensive pres-
sure on the collection costs, which can be realized only by efficient procedures. A means for increase 
effectiveness is the automation of the collection in the context of satellite image classifications, at 
which one researches intensively. 
Modular system principles for world-wide nomenclatures: With world-wide nomenclatures the modu-
lar system is used increasingly. The user can sketch its own nomenclature as a function of the purpose, 
the intended scale and the geo situation on basis of basic classes by means of made available software. 
That is particularly important straight with completely more differently geographical location. Thus 
can be mapped depending upon geographical location thematically sufficient exactly, which data are 
still world-wide compared however on rougher thematic level. Following that modular system nomen-
clature is constructed for example the "Land Cover Classification System " of the FAO. 
 
5 CURRENT EUROPEAN-WIDE EARTH OBSERVATION PROGRAMS 
 
European-wide programs of the collection of land cover and land use have special meaning, alone due 
to its extent. Therefore here represented the current collection programs in detail, which consider not 
only the EU countries but in the case of CORINE Land Cover also the most Eastern European states. 
 
5.1 CORINE LAND COVER 
 
CORINE Land Cover is a European-wide project. Aim is to provide uniform and com-parable infor-
mation on land cover for the area of the European Union for environmental applications. The data 
acquisition concept on the intended scale 1 : 100,000, which is based on the evaluation of Landsat-
TM5 satellite images, differentiates between 44 land cover classes. The minimum mapping unit is 25 
ha. It should be proof the concrete geographical location of each homogeneous covered earth surface 
(mapping unit. Surfaces of linear features (e.g. water runs) are taken into account if wider than 100 m. 
In first CORINE Land Cover inventory in the years 1985-1995 for all countries of European Union as 
well as the PHARE countries, the visual interpretation was determined on basis of satellite image data 
spent by lidding foils (georeferenced and in the sheet cut of the TK100). 
 

Table 1. Time table for CLC2000 
 

 2000 2001 2002 2003 

Preparation of project                 

IMAGE2000                 

Mapping of land cover changes                 

Data integration, validation, dissemination                 
Quality control/quality assurance and meta data                 

 
With the year 2000 the CORINE data set is updated. The updating takes place via direct screen digiti-
zation, what increases the situation accuracy substantially and lowers the costs. The basic input source 
for updating the land cover database are a european-wide mosaic of ortho-rectified satellite images 
(Landsat-TM7) dated 2000 (IMAGE2000) with the maximum allowed deviation of one year (1999-
2001). It’s also called “Snapshot of Europe for year 2000”. From this a new European-wide land cover 
map (CLC2000) will be derived until the end of 2003 (Table 1). 
Land cover changes up to 5 ha between CLC1990 and CLC2000 will be detected and produced as an 
additional GIS-layer called CHANGE. On the basis of the CLC concept national strengthening both 
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regarding the scale (1 : 50,000, 1 : 25,000 instead of 1 : 100,000) as well as the classification key (fur-
ther arrangements below the third hierarchy level) are possible. 
On European level the structure co-ordinated by CLC by the European Topic Centre for Land Cover 
(now: European Topic Centre on Terrestrial Environment) in the area of responsibility of the European 
Environmental Agency. The respective national responsibility usually lies in hands of the statistic 
offices of the countries in co-operation with the national environmental administrations.  

 
Table 2. Comparison of the CLC-inventories 

 
Requirements CLC1990 CLC2000
Time of image recording 1986-1995 2000 +/- 1 year
Image resolution 30 m 30/15 m
Geometric accuracy 100 m 25 m
Minimum mapping unit 25 ha 25 ha
Minimum mapping size for land change inventory - 5 ha
Project duration 10 years 3 years
Production costs 6 EUR/sqkm 3 EUR/sqkm

 
5.2 LUCAS (LAND USE/COVER AREA FRAME STATISTICAL SURVEY) 
 
Harmonized information of Land cover and land use are of high importance in the definition and 
evaluation of common sectoral policies e.g. on the environment, agriculture, transport as well as re-
gional planning and especially in the integration of those policies in a comprehensive assessment and 
planning. Therefore the DGA (Directorate general Agriculture) and the statistic office of the European 
union EUROSTAT has initiated the program LUCAS - Land Use/Cover Area Frame Statistical Survey 
especially in advancement of the French collection program TER-UTI. The program differentiates 
strictly between land cover and land use, whereby the agriculture is particularly differentiated seized. 
A cross table between these sizes marks permitted combinations from LU to LC. The survey LUCAS 
follows the area frame sampling method. The total land-area defined by administrative boundaries of 
countries and by coastline is divided to a regular grid of 18 km * 18 km (Primary Sampling Units 
PSU) at national EU-Member State level. The number of PSU´s has been chosen to optimise the cost 
structure and the precision at the European level. There are 10 secondary sampling units (SSU) per 
PSU defined as observation points at the distance of 300 m apart. These are located in two lines E-W 
of 5 points each (Fig. 1). The SSU area is considered as equal to 7 sqm. This defines the PSU dimen-
sions as 0.6 km x 1.5 km (90 ha) and a distance of 3 km/PSU to be walked by the surveyor. At each 
point the actual land cover and land use will be determined. 
The sampling is made independently in every member state to give the member state the possibility to 
add more sampling units for the national purposes (e.g. over-sampling can be done at grids of 3 or 6 
km; 5 lines with 5 points of (SSU)). To support the exactly location of observation points ortho-
photographs are used, because the request of positional accuracy is very high (< 3 m). The thematic 
accuracy of major classes is aimed of < 2 %. Data on land cover / land use are collected in spring time 
at around 100.000 observation points in Europe in the field. In addition to the land cover / land use the 
LUCAS survey allows to observe environmental features as landscape, erosion, noise, natural hazards 
etc. During a second phase 5.000 farmers were interviewed in autumn to obtain additional technical or 
environmental information. The first survey for 13 EU-Countries was finished in 2001. 2003 the sec-
ond recording will be carried out. Following LUCAS should be obtain the status of a regular survey 
each year. 
 

 
Figure 1. The LUCAS 2-stage sampling 
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6 CHALLENGES FOR IMAGE PROCESSING 
 
The possibilities of determination of land cover and land use will be decisively improve in the next 
years. The availability of remote sensing imagery, which is the basis for surface recording in the most 
cases, will improve by the increasing number of remote sensing sensors. By radar sensors like the 
planned TerraSAR satellite the availability of pictorial material becomes operational by the all-
weather efficiency. Furthermore the new image data has a higher geometrical, radiometric and temp-
oral resolution. Like that, on basis of very high resolution satellite photograph data (1 m-fix resolution 
such as IKONOS and 0,6 m QuickBird) a more exact surface mapping is possible. The information 
situation further improved by high-precision digital terrain and surface models, arrived at using XSAR 
or laser scanning, which directly makes possible a conclusion on the land use in the case of buildings 
or however partly also an exclusion of certain types of use (e.g. extreme slope inclinations). Hyper-
spectral recordings are permitting a more nuanced determination of land cover. However, given the 
high technical input and financial outlaw they involve, they will remain the preserve of specialist and 
spatially limited projects. Also the geo database improves increasingly by the digitization of analogue 
data’s and the existence of former classifications, The geo database performs an significant role in the 
context of surface recording. For European-wide collections the very different availability of geo base 
data is a substantial problem.      
Such rapid developments are not confined to the informational side of determining land cover and use, 
however: evaluation methodology is likewise continuously improving. Determination of land cover 
and land use will be execute, if they are raised on basis from remote sensing data, usually still via vis-
ual interpretation at present. However, the screen digitalization became generally accepted in relation 
to mapping on analogue image data, since can be obtained here time and cost savings. The goodness 
of determination can be improved by image refinements and also the location accuracy of mapping. 
Aim is, to reach from the cost-intensive visual interpretation to an automatic image classification. But 
at present still succeeds only very imperfectly deriving the surface information alone at basis of an 
automatic image classification. 
Segment-based classification approaches do not attempt allocation to a class on the basis of individual 
pixels but, instead, first divide the image into comparatively homogeneous segments. By repeating this 
segmentation at different levels of scale, it is possible to approximate to the likewise hierarchically 
structured cognitive system of a human being. Higher and lower-order segments can then be connected 
with one another between the segment levels, effectively a concession to primarily hierarchically con-
structed classification keys. With this hierarchical segment network, neighbourhood and hierarchy 
information is also usable. Other data on a grid or vector basis (earlier classifications, road databases, 
block-by-block maps etc.) can be readily incorporated into this classification process.  
Since increasingly the setting of tasks of a first recording of the land cover/land use alter to an updat-
ing of existing data records, Change-Detection procedures will become an increasing meaning. There 
from the image data only changes of surface are detected and evaluated to the continuation of the geo-
information in relation to earlier photographs. Despite these developments, the identification of land 
cover and land use will remain a great challenge and still substantial research work will require.   
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