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 in modelling and monitoring environmental change, it becomes important to 

mine existing class sets in order to harmonise the data. Data harmonisation has different 
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1. Introduction 

” (Di Gregorio and 
ntal and ecological 
y of land cover but 

om static land-cover 
he past, monitor the 
l and Moran, 2001; 
ver time and space 

 used to verify new 
erest in modelling 
ets and attempt to 

eries with which to 
 as it is unrealistic to 
tments having been 

(UNEP/FAO, 1994; Wyatt et al., 1997; Wyatt and Gerard, 2001). Harmonisation is mentioned in most 
data collection efforts but is hardly ever put into practice, probably because of the limited compatibility 
and comparability between data sets. Data harmonisation is a priority for the European Commission 
(e.g., INSPIRE initiative) and the UN (e.g., UNCED’s Agenda 21 and the World Summit on Sustainable 
Development (Johannesburg 2002)).  

Abstract 

With the growing interest
re-exa
dimensions and in this paper semantic data harmonisation is examined using two grou
totalling 190 classes. These classes have been translated into the terminology of th
Cover Classification System (LCCS) and subsequently compared in the LCCS Tran
tool. Translation encountered problems of the use of other than land-cover parame
of classes, differences in threshold values and the use of ranges of values to define 
that do not correspond to the LCCS implemented parameters. The analysis of th
classifiers in the class sets shows that some parameters were used very little in 
Within the LCCS-TM, classes were compared and their similarities calculated b
algorithm seems to be strongly biased. Similarity values are calculated per class b
Furthermore, it is impossible to show how good a data translation from the origin
terminology is, and accordingly suggestions for improvem
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Land cover defined as “the observed (bio) physical cover on the earth's surface
Jansen, 2000) is widely perceived as an important component of environme
monitoring. Many countries, and other geographic entities, have undertaken surve
often on the basis of a particular nomenclature. Nowadays emphasis is shifting fr
mapping towards more dynamic environmental modelling in order to understand t
present situation and to predict future trajectories (Lambin et al., 2000; McConnel
Dolman et al., 2003). Results from different surveys may need to be harmonised o
(e.g., for trans-boundary air and water pollution), or existing information may be
results (e.g., urbanisation, desert locust monitoring). With the growing int
environmental change, it is important to re-examine existing land-cover data s
harmonise them to make comparisons between countries and to compile time s
analyse the change dynamics and detect trends. Data harmonisation will be required
work with new standardised class sets, with major financial and intellectual inves
made in existing class sets and survey programmes that use established methods of classification 
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In the era of geo-informatics, spatial data harmonisation involves consideration of several distinct 
aspects that should be considered in a comprehensive manner. These aspects are described in brief 
below:  
1. The geometric aspect of the data set consists of the description of the form of the entities through 

geographic primitives or through a structured geometry (e.g., topology). In general this aspect 
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 the highest level of 

ps of class sets 
 class sets from the 

ncludes general-purpose class sets only 
 each group, not between them. The two 

groups of class sets comprise: 
1. Five Nordic class sets used in relation to environmental resource assessment and landscape 

monitoring programmes comprising a total of 152 classes (Jansen, 2004): 
− Area Information System - Land-Cover Map (AIS-LCM) of Denmark; 

considers cases of different representations of the same object. For instance, one
network represented by polygons of the road surface, or as a network of road a
an information level where the road is represented by the sequence of border
façades of buildings (e.g., cadastre). These three ways of representing a road ne
different set of conceptual and technical practices. If data harmonisation is
difficult, if not impossible, to obtain a continuous spatial basis with the same
unless the geometric aspect is also harmonised. However, data sets that are r
polygons or rasters, such as many thematic data sets, do not represent sign
geometric harmonisation since usually these can be restructured using topologica

2. The distribution and spatial aspects describe the dimensions of the geometry 
for areas, one dimension for lines and no dimension for points) in relation to the
in a geodetic reference system. Differences in scale can be overcome by geom
but this may imply loss of information; generalisation means also reorganisa
attributes (see point 4).  For instance, elaborating the above-mentioned example 
matching of road maps of two neighbouring countries. In country A, the roads 
1:5,000 by polygons projected in a local coordinate system, whereas in coun
depicted at scale 1:100,000 by lines projected in UTM WGS84. Data harmonis
should consider three aspects: (1) how to depict the roads (e.g., as polygons or l
be adopted and (3) the geodetic reference system to be used. 

3. The temporal aspect of the data sets is to be considered because certain th
changes with time than others and data harmonisation between class sets cover
but from different periods may lead to lower levels of confidence (e.g., the first 
data set for Europe spans a period of 10 years). 

4. The semantic aspect depends not only on the type of coding system or the nome
it depends primarily on the definitions used because these imply the para
formation of classes. Comparison of these parameters permits determination of 
coding between data sets through a semantic translator will be sufficient
Otherwise it is necessary to reclassify the nomenclatures into a third system, a
system that functions like a bridge between two data sets; each class in the origi
its more or less corresponding class in the reference system. Class descriptio
definition of boundary conditions that should be applied unequivocally and
establishing correspondence between class sets in order to avoid errors in data
level of confidence with which such class correspondence is established is hig
parameters ha
conditions, produce lower confidence levels. Complete correspondence is not alwa
when harmonising data, thus there is a need to establish rules in order to reach
confidence possible. 

 
This paper concentrates on the semantic aspect of data harmonisation. Two different grou
have been used. The first group includes both specific purpose and general-purpose
Nordic countries within Europe, whereas the second group i
from Afghanistan and Lebanon. Comparisons are made within
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− Land-Cover Classification Scheme (EELC) of Estonia; 
− Monitoring Agricultural Landscapes (3Q) of Norway; 
− Digital Field Basis Map (Digitalt Markslagskart, DMK) of Norway; and 
− Land-Cover Data (SMD) of Sweden. 

2. Two class sets from countrywide land-cover inventories of the post civil war situation in Lebanon 
ogether comprising 38 classes. Land cover has been 

n Afghanistan, in both cases by visual 

T ol, the FAO/UNEP 
L semantic translator, 
c s in the first group of 

CS-TM to act as a 
s encountered and 

erent countries with 
 the consistency and 
between class sets 
r of examples.  

2. The Land Cover Classification System – Translator Module (LCCS-TM) tool 

LCCS (Di Gregorio and Jansen, 1998 and 2000) was developed by FAO and UNEP out of the necessity 
 in several countries 
 and its software 
core project of the 
uman Dimensions 
). As basis of a 

 of Forest Cover – 
serving System 

(GTOS).  

frican countries, in 
ries (e.g., Albania, 
., 2003b, 2006a and 
er change dynamics 
., 2003a, 2006a and 
s for map legends in 
 classification based 
tic procedure for the 
of a land-cover class 
CS are based upon a 
, 2002). The LCCS 
detail; consequently 

The software application 
ser in the definition of the appropriate class (Di Gregorio and Jansen, 2000). To find the 
g class in LCCS, the user is obliged to redefine the classes of his or her class set in the 

LCCS Classification Module and consequently save them in the LCCS Legend Module before 
importing the class sets, class by class, into the LCCS-TM. The approach is illustrated in Figure 1. 
 
Insert Figure 1. 
 

(FAO, 1991) and Afghanistan (FAO, 1999) t
mapped at 1:50,000 scale in Lebanon and at 1:100,000 i

sat TM false colour composites and KFA-1000 space photographs. interpretation of hardcopy Land
 

he semantic data harmonisation has been performed using a specific bridging to
and Cover Classification System – Translator Module (LCCS-TM). Without a 
omparison of n data sets requires n(n-1)/2 comparisons to be made. If n=5, such a

class sets, 10 comparisons per class would be needed. The usefulness of the LC
reference system was examined together with analysis of the type of problem
solutions applied while finding the corresponding classes for class sets from diff
similar types of landscapes but different approaches to land cover. At the same time
use of parameters in the data sets can be examined and the similarity 
(intercomparison) or within a class set (intracomparison) is illustrated with a numbe
 
 

 

to have a consistent and pragmatic methodology when collecting land-cover data
representing different types of environments. Subsequently the methodology
application have been endorsed by the Land Use and Cover Change (LUCC) 
International Geosphere Biosphere Programme (IGBP) and International H
Programme on Environmental Change (IHDP) (McConnell and Moran, 2001
harmonisation strategy LCCS-TM is recommended by the Global Observations
Global Observation of Land Dynamics (GOFC-GOLD) and the Global Terrestrial Ob

 
LCCS has been applied for country-wide land-cover data collection in 10 East A
Mozambique and a number of Central and Eastern European and CIS count
Azerbaijan, Bulgaria, Moldova and Romania) (Travaglia et al., 2001; Jansen et al
2006b). Several projects and case studies using LCCS have focussed on land-cov
(e.g., Albania, Mozambique, Niger and Senegal) (Mahamadou, 2001; Jansen et al
2006b; CSE, 2005; Jansen and Ndiaye, 2006) and LCCS has been used as the basi
GLC2000 (Mayaux et al., 2004). LCCS not only provides a systematic method to
upon a parametric approach, but also through its Translator Module (TM) a systema
comparison of land-cover class sets. In the TM the parameters used for definition 
can be used to “dissect” existing land-cover classes. The selected parameters in LC
thorough analysis of numerous existing nomenclatures (Jansen and Di Gregorio
parameters allow definition of thousands of land-cover classes at various levels of 
the user is not limited by a finite number of global or national categories. 
assists the u
correspondin
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For the calculation of the similarity between classes within LCCS-TM, there are a number of rules that 
influence the computation. Each parameter used in the definition of the classes has the same weight. 
Weighting is not required since the relative importance of the individual parameters in LCCS is linked 
to their hierarchical order. The parameters at the top levels of the classification system are those that 
define broad classes (e.g., the parameters Life Form and Canopy Cover are used to define “Closed 

d deciduous closed 
able in the field and 
rs in this way assists 
cover type to which 
ple, once a “Closed 
for instance “Multi-
a specific structural-
 Thicket, Shrubland, 
y of (Semi-) Natural 
uished for Cultivated 

e similarity computation the values are either 1 (similar) or 0 (dissimilar). Some parameters consist 
of two levels, i.e. a more general level further divided in detailed options (e.g., the Life Form “Woody” 

f 0.5 (half-similar or 
” equals 0.5). The 
nd Jansen, 2000). 

m the reference 
his means that if the 
rison of the options 
ifferent options are 

strate the LCCS-TM 
 paper. 

 

3. Difficulties encountered when structuring correspondence between classes 

orced the translators 
ong the choices and 
than the parameters 
e LCCS parameters 

s well as the 
tions, however pragmatic, led to a data set translation that was 

fully matching the original. Some of the solutions represent merely a basis for further discussion.  

al classes and LCCS 
ce, the Norwegian 

25 percent crown cover to distinguish between 
and non-vegetated ground. The crown cover value used in the Swedish Land-Cover Data 

(SMD) for distinction between forest classes is 30 percent. LCCS contains more options for indication 
of crown cover than most existing class sets but differences of 5 to 10 percent occur between the LCCS 
thresholds and those used by the class sets examined here (Table 1). 
 
Insert Table 1. 

trees”); subsequent parameters further refine the defined class (e.g., “Broadleave
trees” or “Multi-layered closed trees”). The top-level parameters are easily identifi
defined with more accuracy than subsequent parameters. The order of the paramete
class comparisons because comparison will first relate to the broadly defined land-
the class belongs and then relate to differences within the land-cover type. For exam
trees” is defined the use of additional parameters will make a distinction between 
layered closed trees” and “Closed trees with shrubs”. The land-cover type refers to 
physiognomic arrangement within a land-cover category (e.g., Forest, Woodland,
Grassland and Sparse Vegetation are distinguished within the land-cover categor
Vegetation, whereas Tree Crops, Shrub Crops and Herbaceous Crops are disting
Areas). 
 
In th

is subdivided into “Trees” and “Shrubs”). For such parameters the arbitrary value o
half-dissimilar) is introduced (e.g., the similarity between “Trees” and “Woody
number of parameter options having a similarity of 0.5 is very limited (Di Gregorio a
 
During the computation, the software application will look for the same parameter fro
class and the class being compared and then look at the parameter option selected. T
identical parameter is present in both classes, the second step consists of compa
selected (e.g. if the same option is found twice the parameter is similar, if two d
found the parameter is dissimilar). A number of examples will be discussed to illu
computation later on in this

 

 
The data translation of the class sets into the corresponding LCCS terminology f
working with the two groups of class sets at times to make compromises from am
options available within LCCS. Although LCCS contains in general more options 
used in the original class sets, the correspondence between original criteria and th
was not always 100 percent. The main problems encountered are discussed below a
solutions adopted. None of these solu

 
3.1 Differences in threshold values of parameters 
 
The main problems encountered while establishing correspondence between origin
were related to differences in thresholds, especially crown cover. For instan
Monitoring of Agricultural Landscapes (3Q) uses 
vegetated 
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Different thresholds also exist for artificial surfaces such as urban areas. Table 2 provides an overview 
of the minor differences that exist between LCCS and SMD, which have been ignored here, since a 
difference of five percent is difficult to establish in practise. Furthermore, differences exist between tree 
heights used in the various class sets. Table 3 shows the differences between LCCS and SMD and 
shows that certain tree heights would lead to a different class (e.g., 6m). Such differences have not been 

 Norwegian Digitalt Markslagskart (DMK) class set the thresholds for “Mixed forest” are unusual, 
 cover as the lower limit and 50 percent crown cover as the higher limit for 

es; thus a forest area with 40 percent broadleaved trees is classified as needleleaved 
regorio and Jansen, 

 without trees. This 
he description of cultivated areas without crops in LCCS. Furthermore, if an 

lassified in DMK as 
rees and therefore of 
cribed as “forest” in 

A class such as “Other soil covered land” in the DMK class set was impossible to translate, because this 
K class “Land with 
 the data translation. 

LCCS and 3Q for 
. In LCCS the value 
rence may be due to 
ted area. Vegetation 
emain. Furthermore, 
pty, i.e. there are no 
 of a mixed class in 
urfaces). Thus, the 

definition used by 3Q will either encourage creation in LCCS of mixed classes or else disregard 

 of the class sets for 
 for compromises in 
s: 3Q is a class set 
tage whereas DMK 
 is designed for the 
nt) practices can be 
d and built-up areas. 

e land-cover 
related cultural practises could be described. Grasslands that are abandoned and invaded by natural 
vegetation belong to the (semi-) natural vegetation category and land-cover related cultural practises 
cannot be described. The user could make user-defined parameters to cover the land-use related aspects 
but these parameters are not standardised and consequently not considered in the Translator Module.  
 

ignored. 
 
Insert Tables 2 and 3. 
 
In the
with 20 percent crown
needleleaved tre
forest. In LCCS the thresholds follow the UNESCO vegetation classification (Di G
2000). 
 
In the DMK class set an area is called “forest” also when it is for the time being
situation is analogous to t
area is covered with needleleaved trees under a canopy of broadleaved trees, it is c
“needleleaved”. This is probably due to the larger economic value of needleleaved t
prime interest to the forester. A cultivated area where trees are also present is des
the DMK class set, whereas this would be a mixed class in LCCS. 
 

class does not describe the actual land cover. The same is the case with the DM
shallow topsoil”. These classes are examples of classes that could not be included in
 
As noted earlier, an important difference in threshold values occurs between 
determining whether a class belongs to vegetated or non-vegetated land-cover types
is very low, i.e. 4 percent, whereas in 3Q it is set at 25 percent. This notable diffe
the objectives with which the classes were defined as well as the concept of a vegeta
changes with the seasons and only the permanent life forms, i.e. trees and bushes, r
if only 4 percent of an area is vegetated it is assumed that the rest of the area is em
other structures or occupied surfaces. If this was not so one would have to speak
which the vegetated area is subordinate to other land-cover classes (e.g., bare s

extremely sparse vegetation. 
 
3.2 Occurrence of land-use terminology and environmental parameters 
 
The occurrence of land-use terminology in some classes as well as the importance
monitoring of environmental change (e.g., development of land-use patterns) calls
the data translation. The two Norwegian class sets have a land-use oriented focu
developed to monitor agricultural land-use patterns, biodiversity and cultural heri
focuses on the land (e.g., soil) as a resource for agriculture and forestry. LCCS
description of land cover although in some places land-cover related (manageme
accommodated. This is especially true for artificially covered areas such as cultivate
Grasslands that are managed belong to the cultivated areas category of LCCS and som
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Classes that gave rise to considerable discussion during data translation were “Clear felled areas” and 
“Burned areas” where the class names refer to a land-use practise or an environmental event. The 
resulting land-cover type can be manifold, depending on the species invading the terrain after the event 
and the time that has passed after tree felling or fire. The land-cover class(es) created in LCCS are 
neutral with respect to any applied interpretation of the land cover, including for example its ecological 

 (e.g., the use of the 
ined parameters. 

and-use criteria also 
as a closed woody 

fers to a clear felled or 
 is making the data 

translate because the 
construction and the time before the construction will become visible determine the description 

ween built-up areas, 
ot expect to find a 

and Afghanistan some classes contain information about 
lated into so-called 
ssland and forbs in 
 “4b. Cultivation in 

er will be lost in the 
bandoned fields” in 

llows in agricultural 
sses “3a Intensively 

fghanistan). 

3.3 Mixed classes 

LCCS version 1 was 
 (e.g., from open to 
, “Grass heath” and 
forbs from open to 
 and other types of 
t/ high shrubs” and 
nistan class set. The 
Forest”, it should be 
CS one is forced to 

 cover. However, a mixed class may be explained in 
 the original forest is 
released in 2006, this 

pes of objects co-occur, such as “Fruit trees and berry 
plantations” in the SMD class set, in various classes of the Danish Area Information System’s Land-
Cover Map (AIS-LCM) class set, the class “Field crops and fallow land” of the Lebanon class set and 
the class “Gardens (ornamental and fruit trees)” of the Afghanistan class set. In such cases various 
options are possible; taking the SMD class as an example: 

meaning. Therefore, these phenomena, and also damage due to hail storms or wind
“vi” code in 3Q), cannot be accommodated by any other means than adding user-def
 
In the SMD class set, which is a general-purpose land-cover class set with some l
present, the classes concerning burned and clear felled areas were translated 
vegetation type with an added LCCS user-defined parameter explaining that it re
burned area. This solution is very subjective because it depends heavily on who
translation. 
 
Another SMD class relating to a future cover, “Construction sites”, was difficult to 
type of 
of the actual land cover with LCCS parameters. As a result a mix was chosen bet
unconsolidated and consolidated materials, but this choice is arbitrary. One cann
perfect match between an actual and a potential land cover. 
 
In the general-purpose class sets of Lebanon 
the particular environment in which they occur and this information is trans
Environmental Attributes, such as landform or climate (e.g., class “5b. Sparse gra
mountains or desertic areas” in Lebanon, classes “4a. Cultivation in flat areas” and
sloping areas” in Afghanistan). Information related to land-use instead of land cov
semantic data harmonisation process as described above (e.g., “old fallows” and “a
class “5a Grassland and forbs from open to closed, or abandoned fields, or old fa
areas” in Lebanon, and terms like “intensively” and “occasionally cultivated” in cla
cultivated” and “3c Occasionally cultivated” in A
 

 
In a number of cases the correspondence to the classes and the available options in 
imperfect and this was especially true when a range was included in the definition
closed). This occurred in the vegetation types, “Forest”, “Moors and heath land”
“Meadow” (SMD class set), and more explicitly in the classes “Grassland and 
closed, or abandoned fields, or old fallows in agricultural area” and “Scrubland
degenerate forest” of the Lebanon class set and the classes “Degenerate fores
“Rangelands (low shrubs/grasslands and forbs (open to closed cover))” of the Afgha
forest of DMK can be either closed or open forest in LCCS. To directly translate “
possible to define a forest category that combines closed and open forest but in LC
create a mixed class to accommodate this range in
various ways and it will be difficult for a user of LCCS translated classes to know if
either closed or open or if there is a range from open to closed. In LCCS version 2, 
problem has been solved by adding the option “closed to open”. 
 
In other class names two clearly distinct ty
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• A mixed class of fruit tree plantations with berry plantations is created because due to the 
mapping scale and/or the arrangement of fields these two types of fields cannot be spatially 
distinguished. 

• A single class is created containing the dominant crop fruit trees with the berries as a second crop 
because they occur in the same field. In this case it is a single class containing a multiple crop 

e dominant over the 

ed spatially but this 
hat all options occur 

ses problems when translating. 

us fruit trees” in the 
 “This sub-category 

in 
or third crop. This 
e represented in an 

areas in the SMD class set were translated as a mixed class containing 
ely” as used in the 

baceous vegetation” 
mpression that there 
he concept of sparse 

concept 

CS by creation of a 
possible to link this 
ould start with the 

s is a real limitation 
ic countries. Lichens 

the combination of a waterlogged area with lichens is also not considered in 

 well represented in 
t of the UN Wetland 

d-Cover Classification Scheme (EELC) class set the 4th level is used 
for description of wetlands because the 3rd level, which follows CORINE LC, has no possibility to 

ides enough options to describe the EELC classes apart from 

 into the Translator 
ean formula and the 

class name do not appear in the appropriate boxes of the LCCS-TM when they are processed and hence 
cannot be saved. An attempt to remove the user-defined codes and adding them after processing of the 
class worked but the classes as such could not be further used in the similarity assessment because an 
error message (“Invalid use of Null”) was generated. Therefore these codes were moved manually into 
the environmental attributes boxes, where they did not cause further problems since the attributes are 

(N.B. it may also be possible that a single class exist in which the berries ar
trees). 

• A mixed class is created combining the two above-mentioned options. 
The best practise in such cases depends on how the two components are arrang
information was not available for the above-mentioned class. It may also happen t
in practise but that this is not reflected in the original class set and thus po
 
Furthermore, whilst class definitions of a general nature such as the class “Deciduo
Lebanon data set can be translated without problems, its detailed description
includes mainly apple, pear, peach and apricot orchards” cannot be translated as this would require 
LCCS the specification of the dominant crop type followed by a second and/
refinement may be possible at the level of the individual polygon but it cannot b
overall class set translation. 
 
Sparsely vegetated 
unconsolidated materials and herbaceous open vegetation. The definition of “spars
SMD class set is lacking and depending on it, it could be argued that “sparse her
should have been selected for the data translation. The translated class gives the i
are two elements present: (1) bare areas/bare soils with (2) open vegetation. But t
vegetation in LCCS is not the same as a mixed class of bare soil with vegetation. 
 
3.4 Vegetation description 
 
The occurrence of lichen-dominated areas with trees cannot be accommodated in LC
mixed class. The concept adopted in LCCS for lichens is very limited and it is im
life form with any occurring stratification. The same would happen if the user w
definition of open trees, in which case the lichen component cannot be added. Thi
for the correct class set translation of lichen-dominated vegetation types in the Nord
also occur in mires but 
LCCS. 
 
Mires are a very important feature in Nordic landscapes and they are usually not
nomenclatures. Nowadays it is important to report on mires especially in the contex
Convention. In the Estonian Lan

describe these classes well. LCCS prov
those that relate to the presence of lichen. 
 
3.5 Existence of user-defined parameters and codes 
 
Classes containing a user-defined code caused problems when importing them
Module. The category to which the classes belonged can be identified but the Bool
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not considered in the computation of the similarities. The decision to move these codes was based upon 
trial and error as the user is not supposed to move manually any of the codes from one box to another. 
 
 
4. Semantic data harmonisation results 

 
 part of class translation is whether the classifiers present in LCCS are 

the same as those commonly used to represent the translated class set. If this is so, it is also interesting 
ve been used. If particular LCCS classifiers are not used the 

ver parameters that 
 not inherent to land 
the original class set 
iers as a large-scale 

d-cover categories of main interest for terrestrial landscape level monitoring 
are Cultivated Vegetated Areas and (Semi-) Natural Vegetated Areas. The relevant classes of the five 

d in Tables 4 and 5. 
evant attributes. It is 
le LCCS classifiers, 
countered and most 
rt because it is based 
Certain classifiers or 
 sets (e.g. Field Size 
to apply, not clearly 
ould justify moving 

n is available, as is 
.  

Insert Tables 4 and 5. 

LCCS categories of 
ents (the “≠” means 

. The classifiers Life 
d because the range 

patial Distribution is 
s of vegetation. The 
s, which occurred in 
 only. As a result, if 
he almost complete 

 of this is that the 
ertical arrangement, 

ery much layering is 
assifier in LCCS not 
probably a mixture 

of these three. In many forests undergrowth is systematically removed by either wild animals or 
management practises, or many of the described vegetation types are low in height and consequently no 
or not much layering can be distinguished or at most two layers can be distinguished but this is not 
reflected in the translated classes. Part of the answer may also be that these class sets are used with 

 
4.1. Overview of the use of classifiers by the class sets 

One of the things to examine as

to evaluate how the different classifiers ha
explanation may simply be that the class set contained only very limited land-co
could be translated and that the other parameters used belong to the criteria that are
cover. Differences in the use of classifiers may also be related to the scale at which 
is applied: a small-scale (e.g. 1:1M) mapping class set will not use as many classif
(e.g. 1:50,000) mapping class set. 
 
The two major LCCS lan

Nordic class sets for those two categories and their use of classifiers are represente
Table 4 shows the use of the terrestrial Cultivated Area classifiers and also two rel
immediately evident that the AIS-LCM and 3Q class sets use a range of availab
whereas DMK and SMD only use the classifier Life Form, which is the first en
important classifier within LCCS. The DMK class set could only be translated in pa
upon a specific concept (land-use potential) for which no classifiers exist in LCCS. 
attributes have not been used at all or with only very limited use by these five class
and Crop Type). The interpretation of this could be that the classifier is difficult 
defined and/or explained or is not considered to be of (any) importance. The latter w
such a classifier further down the LCCS hierarchy or ensure that a “skip” optio
indeed the case already within LCCS for Field Size
 

 
Table 5 shows the use of classifiers and specific technical attributes for the two 
(Semi-) Natural Vegetation, i.e. terrestrial and aquatic or regularly flooded environm
that the classifier is not applicable for one or other of these two LCCS categories)
Form and Cover are obligatory for any class definition. Height is almost always use
of values contained in the classifier does not result in any obstacle. The classifier S
used much less; apparently not much emphasis is placed on the horizontal pattern
classifiers Leaf Type and Leaf Phenology are occasionally used. One of the problem
the data translation, was that one cannot skip Leaf Type to define Leaf Phenology
Leaf Type could not be defined, consequently one could not add Leaf Phenology. T
absence of the use of the classifier Stratification is notable. One explanation
applications for which the Nordic class sets were created are not interested in the v
i.e. layering of the groups of life forms. Or, it may be that due to the climate not v
present in the described vegetation types. Or, possibly the use of the Stratification cl
seen as straightforward and therefore passed-over by the translators? The answer is 
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remote sensing data applications in which any layering underneath the highest canopy cover cannot be 
identified on the image or photo. 
 
 4.2. Class set intracomparison 
 

The aim of class set 
antify the similarity of classes belonging to the same class set, and thereby 

ness. The similarity values will give an indication of how similar the 
physiognomic-structural descriptions of the classes in a class set are. The more similar the classes, the 

e computation, only 
g the reference class 

one can set which element of the mixed class will be the reference class (e.g., see division of mixed 
 of the mixed class). 

values, especially in the group of classes 
belonging to the same major LCCS land-cover category as indicated by the boxes in the table. However, 

 of these values are 
 This class can be 
Natural Vegetation 
 type occurs (dotted 
 are caused by the 

nd 7. 

imilarity values and 
he level of detail in 
es. Higher similarity 
ctural physiognomic 
over differs or some 

ses being compared. 
he more similar the 

nce may be based on 
rest classes where a 
 multi-date satellite 

 7 where one would 
expect much lower values. An example is the comparison between classes from Cultivated Area(s) and 

 coincidence of the 
.  

tegory is very much 
urrence and definition of the classes present in the class set. The similarity within a 

between categories. High similarity values between categories are 
number of parameters. It could be helpful in future land-cover 

survey programmes to intracompare the classes in the preliminary phase of class definition before actual 
data collection takes place. 
 
4.3. Class sets intercomparison and similarity 
 

The AIS-LCM and the Lebanon class sets have been selected for intracomparison. 
intracomparison is to qu
assess their distinctive

more difficult their correct distinction. 
 
Table 6 shows the results for the intracomparison of the AIS-LCM class set. In th
one element of a mixed class can be selected as the reference class. When selectin

classes 6, 7, 10 and 11 where the figures 1 and 2 refer to the first or second element
No reference class can be compared to the other element(s) of a mixed class. 
 
Along the diagonal axis one finds in general the highest 

there are also values showing high similarity further from the diagonal axis. Most
linked to the aquatic (semi-) natural vegetation type of class “08-marshland”.
regrouped with the terrestrial vegetation classes under the category of (Semi-) 
independent of the environment (e.g., aquatic or terrestrial) in which the vegetation
line in Table 6). The other, lower (but non-zero) off-diagonal similarity values
occurrence of similar Life Forms between classes. 
 
Insert Tables 6 a
 
The intracomparison of the Lebanon class set shows the same patterns: the highest s
found, as expected, along the diagonal axis (Table 7). It is clearly shown that t
distinction of the crop classes is greater than in any other group of land-cover class
values are found on the left and right side of the diagonal axis. Sometimes the stru
description of the classes is identical but the specification of crop type and/or crop c
classifiers are not specified in the reference class though they appear in the clas
These classes need to be interpreted with great care because of their resemblances. T
land-cover features, the more difficult the correct designation of a class. The differe
a single classifier or the use of additional classifiers. The same applies to the fo
distinction is made based upon leaf type, such as could be more easily detected with
imagery. There are some high values found outside the boxes indicated in Table

(Semi-) Natural Vegetation where the high similarity can be explained by the
classifiers Life Form, Leaf Type and Leaf Phenology with identical options selected
 
Comparison of Tables 6 and 7 illustrates that the variation within a land-cover ca
dependent on the occ
category is in general higher than 
found when these categories share a 
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The comparison of two class sets of neighbouring countries, such as the 3Q and SMD class sets, gives 
an indication of how similar land-cover classes are in these class sets. In the 3Q class set several 
Cultivated Area classes are distinguished whereas the SMD is geared towards description of general-
purpose land cover hence the limited number of Cultivated Area classes. The results of this comparison 
are discussed in detail in Jansen (2004). The pattern of values is basically identical to that described for 

over categories and 
assifiers. 

within LCCS-
lasses is due to the 

r categories are dominated by 
ilarity can be found 
) natural vegetation. 

how how the similarity is calculated and illustrate at the same time that the reference 
class greatly determines the type and number of classifiers in the computation. When there are few 

re classifiers in the 

Two classes of the Lebanon and the Afghanistan class sets respectively belonging to the same land-

omputation because 
n also see that a so-
parameters but not 
ss. One should note 
ce into the similarity 
 which are optional, 
iers are used in the 
rea classes is more 
hat the computation 
 the options selected 
ent, the number and 

type of classifiers of the reference class determine the similarity. The attribute Landform is shared but it 
n the computation. 

Tables 8 - 11 illustrate a bias that is present in the algorithm implemented in LCCS: the fewer the 
ilarity. It is important that the current algorithm be 

 one that also takes into account the number of classifiers used. 

ta sets using LCCS-
TM reveals that the problems in finding the correspondence between the original criteria and the LCCS 
classifiers are mainly related to: (1) differences in the definition of threshold values; (2) use of land-use 
terminology that cannot be translated in LCCS classifiers; and (3) use of mixed classes when the 
original classes contain a range of values that do not correspond with the options available in LCCS. 
Some information, especially when not closely linked to land cover, was inevitably lost in the data 

class intracomparisons: the majority of high values are found within the land-c
several high values are found outside these categories due to the co-occurrence of cl
 
Of more interest than the full correspondence matrix is how the class comparison works 
TM. Similarity between Cultivated Area classes and (Semi-) Natural Vegetation c
occurrence of a limited number of joint classifiers since both land-cove
plants and their vertical and horizontal arrangements. As a consequence, a sim
between for instance graminoid crops with a herbaceous or graminoid type of (semi-
 
Insert Tables 8 and 9. 
 
Tables 8 and 9 s

classifiers (Table 8) the resulting similarity values are high, whereas with mo
reference class (Table 9) the resulting similarities are much lower.  
 

cover category (Cultivated Area), thus using the same set of classifiers, are compared in Table 10. The 
classifiers present in the reference class, i.e. the first class, are determining the c
they influence the type and number of classifiers compared. In this example one ca
called modifier, i.e. a parameter that modifies a classifier, is included in the 
considered in the computation because no modifier is present in the reference cla
that if a modifier had been present the parameter Field Size would have entered twi
computation. Crop type and Crop Cover belong to the so-called LCCS attributes,
and never included in the similarity assessment because only land-cover classif
computation. Computation between (Semi-) Natural Vegetation and Cultivated A
complicated as they have some classifiers in common but ordered differently so t
takes more time in order to establish whether or not the same classifiers occur and
are comparable. Table 11 demonstrates that although many classifiers may be pres

is not considered i
 
Insert Table 10 and 11. 
 

classifiers in the reference class the higher the sim
changed to
 
 
5. Discussion 
 
The semantic data harmonisation of five Nordic data sets and two other national da
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translation process. The use of user-defined attributes resolves such losses only partially as these 
attributes maintain the information in the class descriptions but are ignored when making the class 
comparisons. In the examples given, the user-defined attribute was not used. Whilst it is unrealistic to 
assume that no information losses will occur it is important that such losses are within acceptable limits. 
Some of the solutions adopted in the data translation of classes may require discussion and would, more 

tions are made with 
ments and class sets 

se class sets use almost the full range of 
 

bution is limited and 
 are used in remote 
tected. However, the 

the same main land-
cover category. Values between classes belonging to different land-cover categories are in general small 

use these land-cover 
ver categories, such 
ed because they are 

 dissimilar, and what 
 class set is geared 

han those in (Semi-) 
is may contribute to 
ters is used for class 
 can be linked to the 
 helpful tool because 

it shows which class distinctions should be supported by a significant validation effort. 

 a class set has been 
al class or that only 

-TM is that the data 
as frequently it will be (much) less. This is  important to know if 

linked to land-cover change dynamics and the boundary conditions 
the data validation effort are involved. 

 data harmonisation 
 not LCCS includes 
mputation of LCCS 
 found because few 
sed are neglected in 
umber of classifiers 

used (e.g. if two classifiers are identical the fact whether there are three or five other classifiers is 
neglected). Therefore the resulting similarity values are biased with the tendency to result in very high 
values when few classifiers are compared. The current algorithm should be modified to include the 
detail with which a class has been defined. At present, there is no overall score of the similarity between 
two class sets. Such a value would be particularly important when translating existing class sets into 

importantly, require consensus between translators of different countries. 
 
Comparison of the parameters used in the class sets shows that major class distinc
more or less the same set of parameters although classes occur in different environ
have been made for different purposes. Specific-purpo
classifiers to describe the Cultivated Area classes, whereas for (Semi-) Natural Vegetation classes they
show more variation in the use of classifiers. The use of the classifier Spatial Distri
Stratification is mainly not used, possibly because the class sets considered here
sensing applications in which the layering cannot, or to a very limited extent, be de
actual reasons for these patterns in classifier use are not evident. 
 
In general, the similarity of land cover is highest in a group of classes describing 

with the exception of Cultivated Area(s) and (Semi-) Natural Vegetation beca
categories contain a number of identical classifiers to describe plants. Other land-co
as Bare Areas, Water Bodies and Snow and Built-up Areas can be easily distinguish
dissimilar to any other land cover.  
 
The intracomparison of a class set indicates which classes are similar, and inversely
types of parameters are used for smaller class distinctions. It will also reveal if a
towards a specific purpose: similarities found in Cultivated Area(s) will be higher t
Natural Vegetation if the class set is geared towards agriculture. This type of analys
a better design of the data validation effort because it explains what type of parame
boundary differentiation. It also shows whether or not these characterising elements
interpretation of classes in the field and/or to any type of imagery. This could be a

 
It is important to note that once data translation into LCCS of a class belonging to
made, the user does not know if this data translation completely embraces the origin
part of the original class could be translated. The impression given in the LCCS
translation result is 100 percent, where
the data translation results are to be 
verified in 
 
6. Conclusion 
 
Though the selected land-cover class sets show that data translation and semantic
can be carried out, much more study and discussion is needed to assess whether or
the classifiers commonly used, as well as the establishment of agreed rules for the co
similarity in class comparisons. In certain cases very high values of similarity are
classifiers are shared with identical options selected, whereas the other classifiers u
the computation. The current algorithm results in values that do not reflect the n
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LCCS terminology when such a value could indicate if the data translation is close to the original class 
set. A quality assessment of the data translation per class as well as per class set is suggested analogous 
to the semantic data accuracy assessment (e.g., classification error matrix). More class sets need to be 
re-evaluated, translated, compared and intracompared to evaluate the efficiency of LCCS-TM. Feedback 
from the user community will be indispensable in order to assess and enhance the current methodology. 

.e. geometric aspect, 
llel to the semantic 
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The distinct aspects of spatial data harmonisation that this paper did not focus on, i
distribution and spatial aspects and temporal aspect, should be considered in para
aspect. If the two different data sets to be harmonised are seen as two dif

any two objects encompasses the assumptions that each makes about the ot
operations can be performed and what behaviour results (Booch, 1994).  
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Figure 1. Overview of the process of definition of corresponding classes in LCCS and their comparison 

Existing class set

Classification Module

- Definition of corresponding classes

Legend Module

- Storage of corresponding classes

- Inclusion of original codes and names of the classes

Translator Module

- Import of corresponding classes one by one

- Calculation of similarity values between classes

- coming from different class sets;

- belonging to the same class set.

Preparation of similarity tables

Analysis of results

Each element of a mixed class needs 
to be defined separately and stored 
separately.

Mixed classes are recomposed.

In the similarity calculation the user 
has to select which component of a 
mixed class is being compared.

L 
C

 C
 S

 
Table 1. Differences in crown cover thresholds between LCCS and SMD 

Land-cover type Crown cover (in %) 
 LCCS SMD 

>65  Closed forest 
Open /W forest oodland 40-65 

15-40 
 

>30 
ees  1-15  Sparse tr

Table 2. Differences in densities of urban areas 

Density (in %) Density classes 
 LCCS SMD 

y/continuous urban fabric >75 >80 High densit
Medium density/discontinuous urban fabric 50-75 50-80 
Low density/discontinuous urban fabric <50 30-50 

Table 3. D

d tree height classes Height (in m) 

ifferences in tree height 

Distinguishe
 LCCS SMD 
High/Coniferous forest >15 m >14-30 >15 
Medium/Forest 7-14 >5 
Low/Young forest 3-7 2-5 
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Table 4. Overview of the use of classifiers and two specific attributes in the major land-cover category Cultivated 
Terrestrial Areas (A11) by the different class setsa 

  Land-cover classifiers Attributes 
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b 8 x  x - - 1  - x - x 
(Denmark) 7 x  x - - 

3Q x  x x 
orway) A fr x  - x 

A u x  - - 
A o x  x x - 

 A br x  - - 
 A be x  x - 
 A en x  x - 
 A be x  x - 
 A in x  x - 
 A na x  - x 
 A jo x  - - 
 A sb x  x - 
 A kr x  x - 
 A gr x  x - 

Kc 1 x -  - - 
orway) 2 x -  - - 

 3 x -  - - 
 4 x -  - - 

 x -  - - 
 - - 

- - 

0
A1p

 
l 

- 
- 

x 
x 

-
x

x 
x x 

(N 2  - x x x x 
 2b  - x x x x 
 1k  - x - x 

1  - x x x x 
3  - x x x x 
1 - x x x x 
1  - x x x x 
1  - x x x x 
1  - x x x x 
2 - x x x x 
3 - x x x x 
3  - x x x x 
1  - x x x x 

DM
(N

 - - - - 
 - - - - 
 - - - - 
 - - - - 

SMD 211  - - - - 
(Sweden) x -231  - - - - 

 222 x - - - - - 
a

b  Class codes AIS-LCM class set: 18-Seasonally vegetation covered ground, 07-Grazed or mown grass. 
c Class codes DMK class set: 1. Agricultural area, 2. Arable land, 3. Surface cultivated area, 4. Fertilized pasture. 

 The EELC class set is not represented as it contains no relevant classes. 
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Table 5. Overview of the use of classifiers and two specific attributes in the major land-cover categories (Semi-) Natural 
Vegetation (A12 and A24) by the different class sets 
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2ri x  ≠ - - 

 sk x  ≠ - - 
 M bu x  ≠ x x 

M1gr x  ≠ - - 
 F3st/ dr x  ≠ x -
DMKc 5 x  - ≠

6
7

x
x

 
 

- 
- 

≠
≠

d 3242 x x - - ≠ - - - - - 
(Sweden) 224 x x - - ≠ - - - - - 

 3243 x x x - ≠ - - - - - 
 3241 x x - - ≠ - - - - - 
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  Land-cover classifiers Attribute 
 
 
 
 
 
 
Class set 

 
 
 
 
 
 
Class codes 

A
. L

ife
 fo

rm
 

A
. C

ov
er

 

B
. H

ei
gh

t 

C
. S

pa
tia

l d
is

tri
bu

tio
n 

(A
12

) 

C
. W

at
er

 se
as

on
al

ity
 (A

24
) 

D
. L

ea
f t

yp
e 

E.
 L

ea
f p

he
no

lo
gy

 

F.
/G

. S
tra

tif
ic

at
io

n 
2nd

 la
ye

r 

F.
/G

. S
tra

tif
ic

at
io

n 
3rd

 la
ye

r (
A

12
) 

 T.
 F

lo
ris

tic
 a

sp
ec

t 

 322 x x x - ≠ - - - - - 
 3212 x x - - ≠ - - - - - 
 3211 x x - - ≠ -  - - - 
 3111  x x   x - - - 
 3112  x x   x - - - 
 3113  x x   x - - - 
 121  x x   x - - - 
  x x   x - - - 
  x x   x - - - 
 3122  x x   x - - - 
 3123  x x   x - - - 
 3131  x x   x - - - 
 5122 x -   - - ≠ - 
 4  x x  - - ≠ - 
 4  x x  - - ≠ - 
 5232 x -  - - ≠ - 
 4121  x x  - - ≠ - 

-
x  - ≠ x
x  - ≠ x
x  - ≠ x

3 1 x  - ≠ x
312122 x  - ≠ x
312121 x  - ≠ x

x  - ≠ x
x  - ≠ x
x  - ≠ x
x  ≠ - -

11 x  ≠ x - 
21 x  ≠ - - 

x  ≠ - - 
x  ≠ x - 

 4122 x x x ≠ x - - - ≠ - 
a . 05-Grass dominated 

9. 08-Marshland. 
b st, 20. Transitional bog 

 bog, 12. Shrub 
g lagg, 16. Complex bog, 15. Open 

c 
d ed areas (before woody 

3211 Grass heath, 3111 
eaved forest on bare 

122 Coniferous forest >15m, 312121 Coniferous 
forest 5-15m, 3122 Coniferous forest on mires, 3123 Coniferous forest on bare rock, 3131 Mixed forest not on 
mires or bare rock, 5122 Water bodies, vegetation covered water area, 411 Inland marches, 421 Salt marshes, 5232 
Sea and ocean, vegetation covered water area, 4121 Wet mires, 4122 Other mires. 

 

Class codes AIS-LCM class set: 14-Scrub or woodland, 4. 11-Shrub dominated heathland, 5
heathland, 6. 10-Shrub and grass heathland, 7. 15-Deciduous forest, 8. 16-Evergreen forest, 
Class codes EELC class set: 6. Coastal and shore reed bed, 19. Minerotrophic swamp fore
forest, 21. Bog forest, 10. Treed fen, 13. Treed transitional bog, 18. Treed bog, 17. Dwarf shrub
transitional bog, 9. Shrub fen, 8. Open fen, 11. Open transitional bog, 14. Bo
bog. 
Class codes DMK class set: 5. Broadleaved forest, 6. Needle leaved forest, 7. Mixed forest, 8. Mire. 
Class codes SMD class set: 3242 Cleared-felled areas (before woody vegetation), 334 Burn
vegetation), 3243 Younger forest, 3241 Thickets, 322 Moors and heathland, 3212 Meadow, 
Broadleaved forest not on mires or bare rock, 3112 Broadleaved forest on mires, 3113 Broadl
rock, 31211 Coniferous forest on lichen dominated areas, 312
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Table 6. Intracomparison AIS-LCM class set (Denmark) 

LCCS order 1 2 3 4 5 6 7 8 9 10 11 
Class codes 18 07 14 11 05 10 15 16 08 03 01 

1 100 100 0 0 25 0 0 0 25 0 0 
2 100 100 0 0 25 0 0 0 25 0 0 
3 0 0 100 40 0 0 60 60 0 0 0 
4  0 0 40 100 0 6  0 0 0 0 0 20 2
5 25 25 0 0 10  0 0 25 0 75 0 0 

6.1 0 0 0 75 25 100 0 0 25 0 0 
6.2 2 2   5 5 0 0 100 2 5 0 0 75 0 0 
7.1 0 0 60 20 0 0  100 60 0 0 0 
7.2 0 20 2  0 40 0  0 8  20 0 0 0 40
8 0 0 60 20 0 0 60 1 0 0 0 00 
9 25 2 5 0 0 75 25    0 0 100 0 0 

10.1 0 0 0  0 0 0  0 0 0 100 0 
10.2 0 0  0 0 0 0 0 0 0 0 0 
11.1 0  0 0 0   0 0 0 0 0 0 100 
11.2 0 0 0 0 0 0 0 0 0 0 100 

 
Class codes: 1 o ly v eta n co ere gro d, - m w ass, 3. 14-Scrub or woodland, 4. 11-
Shrub dominated heathland, 5. 05-Grass dominated heathland, 6. 10-Shrub and grass heathland, 7. 15-Deciduous forest, 

Explanation of grey shading used: 

. 18-Seas nal eg tio v d un 2. 07 Grazed or o n gr

8. 16-Evergreen forest, 9. 08-Marshland, 10. 03-Unvegetated ground, 11. 01-Open water. 
 

 100% similarity 
 ilarity 75-99% sim
 ilarity 
 ilarity 

50-74% sim
Less than 50% sim
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Table 7 Intracomparison matrix Lebanon land-cover class set (in percentages) (reference classes presented vertically) 1 
LCCS   A11 A12 and A24 B15 B16 B28 categories 
 LCCS  

order a 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

 Class 
cod c 4d 4b 2 4 b  6c 5a 5  a 7b 7c 9  

es b 4 a 3 6  6a  b 8 1a 7

A11 

1 4c 100 60 80 20 80 40 60 0 0 0 0 0 2 0 0 0 0 0 
2 4d 100 100 67 33 100 67 33 3 0 0 0 0 0 0 3 0 0 0 
3 4b 67 33 100 17 67 50 33 0 17 0 0 0 0 0 0 0 0 
4 1 112 11 1  10 1  0 0 0 0 0 0 1 11 0 0 6 6 6 0 
5 4a 67 50 67 17 100 50 33 3 0 0 0 0 3 0 0 0 0 0 
6 3  3 33 3 50 17 50 100 0 0 0 0 0 0 0 8 8 8 0 

A12 an
4 

d 
A2

7 6b 50 7 33 31  0 3 0 100 67 33 0 0 0 0 0 0 17 0 
8  7  06a 17 1  0  33 0 67 100 33 0 0 0 0 0 0 17 0 
9 6c 0 0 25 0 0 0 50 50 1 0 0 0 0 0 0 00 25 0 
10 5   7 0 a 0 0 0 1  0 17 0 0 1 3 0 0 0 0 00 3 33 0 
11 5  0 5 0   b 0 0 2   25 0 0 0 50 100 50 0 0 0 0 0 
12  0 0 10  20  208 0  0 10 20 20  20  1  0 0 0 0 00 0 

B1 13 1  0 0 5 a 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 

B16 
14 7  0  0 a 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 
15 7  0  0 0 0 0 0 b 0 0 0 0 0 0  0 0 100 0 0 
16 7  0  0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 100 0 

B29 17 9 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 100 
a The LCCS categories are: A11=Cultivated and Managed Terrestrial Areas, A12=(Semi-) Natural Terrestrial Vegetation, A24=(Semi-) Natural Aquatic or Regularly Flooded 2 

3 
4 

yards, 4c. Deciduous fruit 5 
nd forbs in mountains or 6 

 forest, 6b. Deciduous forest, 6c. Scrubland and other types of degenerate forest, 7a. Barren rocks, 7b. Highly dissected and eroded land, 7c. Beaches, 8. 7 
 bodies.  8 

9 
Exp hading used: 

Vegetation, B15=Artificial Surfaces and Associated Areas, B16= Bare Areas, B28=Natural Water Bodies, Snow & Ice. 
b The LCCS order refers to the order of classes in the translated class sets according to the automatic grouping of the LCCS Legend Module. 
c Class code refers to the original class set coding system (FAO, 1991): 1. Urban areas, 2. Horticulture, 3. Field crops and fallow land, 4a. Olives, 4b. Vine
trees, 4d. Citrus or bananas, 5a. Grassland and forbs from open to closed, or abandoned fields, or old fallows in agricultural areas, 5b. Sparse grassland a
desertic areas, 6a. Coniferous
Swamp vegetation, 9. Water
 

lanation of grey s
 ty 100% similari
 75-99% similarity 
 50-74% similarity 
 Less than 50% similarity 
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Table 8. Similarity between two Cultivated Area classes of the 3Q class set (reference class) with two classes of the 10 
SMD class set 11 

LCCS classifiers and attributes 3Q (Norway) SMD (Sweden) Similarity 4. A1ko 3211. Grass heath 

ifiers 

A. Life form Graminoid crops Graminoids 1 

Class
A. Cover - Closed - 
B. Spatial distribution Continuous  0 

ply: fed cu  0 
n time factor ermane  0 

   25 % 

D. Water sup
D. Cultivatio

Rain ltivation 
: P nt cropped 

 
   321 Meadow  4. A1ko 2. 

Classifiers 

orm: inoid crops A2 He us 0.5 
A10 Cl ed - 

B. Sp ial distribut n: ontinu s  0 
er supply: infed  0 

ltivation time ane  0 
  13% 

A. Life f Gram rbaceo
A. Cover: - os

at
at

io C ou  
D. W

Cu
Ra

ctor: Perm
 cultivation 

 D.  fa nt cropped
  

 1 . A3sb 3211. Grass heath   2

Classifie

ino d crops Gram  1 
A. Co : Closed - 

atial distribut inu  0 
rop combination: Single c  0 

ply: Rainfed cultivation  0 
n time anent cropped  0 

  20% 

rs C. C

A. Life form: Gram i inoids
ver - 

B. Sp ion: Cont ous 
rop 

D. Water sup
D. Cultivatio  factor: Perm
  

  1 . A3sb 32 eadow  2 12. M

Classifie

rm: ramino A2 He us 0.5 
ver: A10 C d - 

ribut Continu  0 
binatio Single c   0 

 fed cultivation  0 
me anent cropped  0 

    10% 

rs C. Crop com

A. Life fo
 Co

G id crops rbaceo
l seA. - o

B. Spatial dist ion: ous 
n: rop

D. Water supply:
D. Cultivation ti

Rain
 factor: Perm

 12 
13 
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Table 9. Similarity of 3Q class (A12 and A24) with (Semi-) Natural Terrestrial Vegetation (A12) classes of SMD 14 
LCCS classifiers and attributes 3Q (Norway) SMD (Sweden) Similarity 
  30. F2ri 3241. Thickets  

Classifiers A. Life form: Shrubs Shrubs 1 
A. Cover: Closed Closed 1 

0 
M <0.5m  0 
  50% 

B. Height: 5-0.3m  
odifier B. Height:        

  3  322. oors and 
Heathland 

 2. M2bu  M

Classifie Life form: Shrubs Shrubs 1 
A. Cover: Closed Close 1 
B. He ght: 0.3m 5-0.3m 1 

er ght:         3-0.        <0 m 0 
ter seasonali Waterlo il  0 

Classifiers D. Leaf type: Broadle  0 
eaf phenology: Deciduo  0 

ion: gle layer  0 
 38% 

rs A.  
d 

i 5-  
Modifi
 

 B. Hei
Wa

5m .5
C. ty: gged so

aved 
E. L  us 
F. Stratificat sin

 
 15 

16 
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Table 10. Similarity between of Cultivated Areas classes of the Lebanon and Afghanistan class sets in which also 17 
attributes occur  18 

LCCS classifiers and attributes 
4c. Deciduous Fruit 

Trees (Lebanon) 
2b. Vineyards 
(Afghanistan) Similarity c 

Classifiers A. Life form: tree crop(s) 

deciduous 

shrub crop(s) 

deciduous 

0 
1 
1 

broadleaved broadleaved 

B. Field size -mediu
) 

o sized 
field(s) 

1 
 

er d size  - a medium-sized field(s) #  

Classifie atial distr u tinuous 1 

ifie op combi - e crop ulture) # 
tes

large-to
field(s

m sized large-t -medium-

Modifi  B. Fiel

r B. Sp ibution continuo

on 

s con

Class
Attribu

r C. Cr nati singl  monoc
b Crop type fruit and nut t and nut  grapes ≠ 

open, orch closed, plan tions ≠  
 80 % 

s frui s –
Crop cover ards ta

a t e t used in ss, a luded in  computation (#). 19 
b These so-cal nmental o hnical A onsidere he computation (≠). 20 

rity of 80%. 21 
22 

ebanon and Afghanistan class sets 23 

eas (Leb
istan) 

Similarityc 

 Option no xistent or no
led Enviro

 the reference cla nd therefore not inc the
r Specific Tec ttributes, are not c d in t

milac Five classifiers are considered in the computation of which 4 are similar hence a si
 

Table 11. Similarity between classes of two different land-cover categories of the L

 5b. Sparse grassland and forbs in 4a. Cultivation in flat areas (Afghan
mountains or desertic ar anon) 

Classifiers ous A. Life form herbaceous crop(s) 1 A. Life form herbace
A. C
 

over sparse (
-a 

2 -  0 
B. Field s

tia n: 
large -medium 
continuous 

# 
# 

 - op c n: singl rop # 
 -  Cultural 

Practices
rainfe  

Attributes

0-10)-1% 
ize: 

B. Spa l Distributio
-to

C. Cr ombinatio e c
D. Cover-related

: 
d #

b Landform:  
Major land c

lope class

p land gh 
ient
 

dform
Major La d class 
 
Slope class 

 
level land  

 
flat to almost flat 

 
≠ 
 
≠ 

Climate subtropics 
rainfall – arid 

-  ≠ 

om  crop – 
cereals - wheat 

≠ 

 50 % 

lass 
 

stee
 
S  

grad
rolling

 – hi
 hill  

Lan :  
n

winter 

-  Crop Type:  d inant

a Option not existent or not used in the reference class, and therefore not included in the computation (#). 24 
b These so-called Environmental or Specific Technical Attributes, are not considered in the computation (≠). 25 
c Only two classifiers are considered in the computation of which one is similar, hence a similarity of 50%. 26 
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