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Abstract 
In this paper we propose a methodology to assess uncertainty of land cover cartographies and 
its spatial distribution within a ranged scale. The method consists in overlaying different land 
cover databases and determining the uncertainty values for the intersecting areas. This 
assessment is based on different nomenclature hierarchic level comparison and on the number 
of cartographies in agreement, assuming that different sources of information in agreement 
provide a higher level of confidence than the same sources in disagreement. A case study was 
developed for the mainland territory of Portugal. The selected spatial information databases 
had very different technical specifications, and therefore they had to be made comparable by 
some harmonisation procedures. The results are consequently, all directly dependent on these 
procedures. The universe of analysis was dramatically reduced and the overall agreement 
between all the applied cartographies was considered low at the highest class detail. However, 
it can be assumed that the resulting areas are now represented with a known level of 
uncertainty concerning land cover characterization. 
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1 Introduction 
Generally speaking, in land cover cartographies there is an overall thematic accuracy index 
obtained with a statistical approach and made available by the producer. It translates the 
conformity of the map with the reality, either at a global level or at individual class level. This 
index is an important instrument for knowing and dealing with the uncertainty in land cover 
characterization. It provides users a confidence level for the application of the data and its 
resulting studies or policies. But how is this index distributed spatially? We know the 
contribution of given classes to the overall accuracy, but we don’t know if at a given area the 
uncertainty is higher than in other, i.e. the confusion matrix and the accuracy metrics provide 
no information about the spatial distributions of error (Foody, 2002). If one’s working with a 
land cover database in a specific region, it would be important to know the specific uncertainty 
for that map in that given area. This is the main motivation of the presently reported study, 
which aims at developing a methodology to derive maps of uncertainty in land cover 
characterization. 

For assessing a spatialysed uncertainty value, we propose a methodology based on the 
overlaying and comparison of different harmonized land cover maps - which can also be 
understood as a confidence building approach (Strahler, 2002) - and on some simple 
postulations. The first postulation is that if more than one of the cartographies represent a 
given area with the same land cover description, this area is characterized with more certainty. 
The other postulation states that, within a hierarchical nomenclature, the differences between 
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cartographies in a given area are more severe the higher in the hierarchy they are analyzed. 
Thus, the methodology for the achievement of the study’s goal consists in analysing the 
thematic classes of the different land cover databases for the same area and defining an 
uncertainty value.  

In order to implement this analysis it was obligatory to harmonize the different technical 
characteristics of the land cover cartographies. Land cover information is fundamental for 
landscape management, biodiversity assessment, and, in general, to support environmental 
analysis and policies. The acknowledgement of this importance leads to frequent production of 
land cover maps. The characteristics of these maps depend on the goal and production context. 
Usually, land cover maps differ in nomenclature, scale, minimum mapping unit (MMU), data 
format and production date. 

The final product to be obtained is a vector map with the graduated uncertainty values for the 
land cover characterization. This map can also be useful to support sample collection by 
choosing lower uncertainty areas in supervised classification, namely in remote sensing 
studies. It can be also a support instrument in land cover information requiring GIS projects, 
related to decision-making, providing additional composed information and therefore more 
accurate results. As to the producers’ interests, an uncertainty map could help understand 
which classes or which areas are more often badly interpreted and perform verifications on 
those areas or revise the production methodology, as well as class interpretation. 

2 The case study description 
The case study is described in the next sub-sections with the characterization of the overall 
study area and with the specifications of the cartographies used. 

2.1 Study area characterization 
The study area for the present case was the Portuguese continental land. This region is 
characterized by wide landscape diversity – compared to the small total area of 8.89 million 
hectares. This diversity is due to several natural factors, namely the extensive costal-line, the 
lithological wealth, the slope’s unequal distribution and the accentuated climatic variety; and 
to historical-cultural reasons, namely the multiplicity of civilizations that occupied the territory 
and from which some important marks still remain. Later the desertification of the interior 
lands led to the reduction of the agricultural exploration as well as to deforestation. These 
areas were replaced by fast-growing forest species with high combustion value. These changes 
pay a severe tribute to the erosion agents and to hazards like forest fires, and this is reflected 
on land cover. The other consequence of the interior desertification was the concentration of 
the population in the littoral urban centres, like Lisbon and Oporto, and also in the Algarve 
driven by tourism (IGP, 2005).  

2.2 Selected cartographies 
The selected cartographies are the available land cover products that map the entire Portuguese 
continental area. Table 1 summarizes the technical specifications for the different 
cartographies used in this study. 
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Table 1 Specifications for the different land cover cartographies selected. 

Designation CORINE Land 
Cover 1990 

CORINE Land 
Cover 2000 

1990 Land 
cover map 

National Forest 
Inventory 

Forest Cartography 

Acronym CLC 90 CLC 2000 COS’ 90 IFN CFE 

Scale 1/100 000 1/100 000 1/25 000 1/10 000 1/25 000 

MMU 25 ha 25 ha 1 ha 0,5 ha 0,5ha / 1ha 

Polygon width 100 meters 100 meters 40 meters N/A 15 meters 

Data model Vector Vector Vector Vector Vector 

Reference date 1985/86/87 2000 1990 1995 1995 

Spatial 
representation Polygons Polygons Polygons Points Polygons 

Source Satellite images 
Satellite 
images 

Aerial 
photographs Aerial photographs Aerial photographs 

Nomenclature 

43 classes, 3 
hierarchical 
levels 

43 classes, 3 
hierarchical 
levels 3 digit Various fields 5 digit 

Thematic 
Purpose 

Generalist/All 
land cover 
possibilities 

Generalist/All 
land cover 
possibilities 

Generalist/All 
land cover 
possibilities 

Forest Occupation Forest Occupation 

 

The project CORINE Land Cover was launched by the European Commission and the 
European Environment Agency (EEA, 2002) and consisted on the elaboration of standardized 
thematic land cover maps for all the European countries and others, based on visual 
interpretation of satellite images and in auxiliary information. There are 2 CLC products for 2 
different reference dates, one for the dates of 1985/86/97 and other for the year 2000 (Painho 
and Caetano, 2006).  

The COS' 90 was produced by the National Centre for Geographic Information (CNIG), by 
visual interpretation of aerial photographs from 1990 followed by polygon digitalization. The 
product is supplied in 638 sheets. Technical difficulties hindered the mapping of specific areas, 
consequently lacking 50 cartographic sheets which totals up to 8% of the continental area 
(Instituto Florestal, 1994). 

The IFN consisted on photo-interpreting several areas in aerial photographs determined by pre-
established points. Each aerial photograph represents a real area in the land of about 2 500 ha 
and the points are separated by about 700 m. Each point was classified in function of the 
photo-interpreted characteristics in the land area where the point refers to, in accordance with 
the definition of class established in the use/cover nomenclature of the IFN. For a land area it 
is understood a portion of land equal or superior to 0,5 ha and with an average width equal or 
superior to 20m, that constitutes an homogeneous unit of land cover. The nomenclature was 
harmonised and standardised with the requirements of the international study TBFRA 2000 
(DGRF, 2005). 

The main goal of the CFE was the characterization of Eucalyptus forest areas and other 
associated species, as well as of potential areas for forestation, in Continental Portugal (Crespo 
et. al., 1999). The product was obtained through photo-interpretation of digital ortho-rectified 
1:40 000 scale aerial photographs, from 1995. The used nomenclature gives particular 
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importance to the eucalyptus and to the species, which more frequently it is associated with, 
i.e., Pine (Pinus pinaster) and other species. 

3 Methodology 
The different production contexts of the various land cover cartographies lead to different 
technical specifications; these, in turn, determine the methodology and therefore influence 
directly the discussion of the results obtained. Thus, this chapter begins by describing the 
harmonisation procedures, comprised by three main items: nomenclature, reference date and 
scale. This is followed by a description of the methods related with the spatial overlay of the 
cartographies in the GIS environment. Finally, the mining of information from the resulting 
data is focused on mapping spatial uncertainty in land cover characterization through a ranged 
scale. 

3.1 Harmonisation 
The harmonisation of the databases’ specifications is determinant, and it is also a process that 
was based on an intense study and evaluation. Consequently, the methods described here are a 
result of several iterations that pursued the goal of making the different data comparable. The 
implementation of this methodology for the current case study reduced the total analysis area 
to 32% of the Portuguese continental territory. 

3.1.1 Nomenclatures 
Each cartography has a different nomenclature associated. Some classes are almost identical in 
terms of their land cover definition, in all of the 4 nomenclatures. Nevertheless, most classes 
reveal differences that go from subtle canopy closure percentage for forest occupation, to the 
inexistence of certain classes in some of the cartographies. These dissimilarities are related to 
the production context of the databases.  

To deal with these differences, the various class definitions were evaluated and 2 major 
procedures were implemented:  

• Firstly, according to the parameters that define each particular class in each database, 
all classes were transformed into CLC classes. For example, in the CFE 
nomenclature there are different classes to define pure stands of Eucalyptus and 
mixed stands of Eucalyptus with other broadleaved trees; these 2 classes are 
reclassified with the CLC code of 311 (Broad-leaved Forests). The same type of 
process was applied to the other nomenclatures. In cases where there isn’t a direct 
correspondence or where the class can correspond to more than one CLC definition, 
a new code was defined to evidence these situations. The output of this step was an 
adapted CLC nomenclature for each cartography; 

• The second procedure consisted in making a correspondence table between all the 
adapted classes as some may correspond to more than one class in one nomenclature 
but just to one in another nomenclature. This resulted in a conceptual table were all 
the nomenclatures are inter-comparable (Figure 1). This correspondence table 
determines the agreement among cartographies, on which, in turn, the uncertainty 
values are based, as described ahead. 
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Figure 1 Correspondence matrix of the adapted CLC codes for all nomenclatures. 

Another essential harmonisation procedure, directly related to the class definitions, is also an 
important step in the spatial overlay methodology. This is the harmonisation of the IFN with 
the other cartographies. In fact, due to the different spatial representation of this particular file, 
which is by points as opposed to polygons, a specific methodology had to be developed. Thus 
it was obtained for each polygon of the CFE the percentage of points contained within borders 
for the different classes of the IFN. Afterwards, using the CLC class definitions (Bossard et 
al., 2000), a set of rules was created to determine an adapted CLC class for each polygon, 
based on the IFN information. The final output for this modus operandi was a polygon map, 
structurally identical to the CFE and with the information contained in the points.  

Observing the resulting correspondence table (Figure 1) it can be seen that only the classes 311 
(Broad-leaved Forests), 312 (Coniferous Forests) and 313 (Mixed Forests) for the adapted 
nomenclatures have a direct correspondence with the CLC original classes. This is easily 
understood simply by noticing the different production objectives, which are only coincident 
for all 4 databases in what concerns forest land characterization. 

The nomenclature harmonisation procedures are implemented in each of the cartographies’ 
shape files and the polygon borders are dissolved based on the new CLC adapted code. This 
procedure is applied before the spatial overlay, which is described ahead, in order to ensure 
that no polygon under the Minimum Analysis Unit (MAU) is incorrectly removed.  
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Some authors describe methods of harmonizing nomenclatures with fuzzy agreement indexes 
(Fritz and See, 2005). These methods were not applied in this study, given the number of 
cartographies to be compared and the enormous amount of possible classes from one original 
nomenclature that are within a class definition from another nomenclature. This would make it 
impossible to implement a fuzzy index for each class correspondence, for all the 
nomenclatures. Also, the structural harmonisation methods are incompatible with a fuzzy 
compatibilisation of classes. 

3.1.2 Reference date 
Another main difference among all the cartographies used in this study is the reference date. 
This had to be taken into account in the harmonisation methodology, in order to exclude 
discrepancies in the databases imposed by land cover changes in time.  

The situation was dealt with using the 2 reference dates available for the CLC maps, and 
spatially overlaying them to remove the differences verified. These differences refer to the 
evolution in land cover for Continental Portugal between 1985/86/87 and 2000 at this specific 
scale (Caetano et. al., 2005). All the 3 remaining cartographies are located in the timeline 
between those dates; therefore, with some limitations discussed ahead, it is assumed that in the 
country’s unchanged area (89%), there are no differences among the 4 cartographies related 
with temporal change, in terms of land cover characterization. 

3.1.3 Minimum analysis unit (MAU) 
Other harmonisation procedure is related with the diversity among the cartographies in terms 
of production scale. Production scale, according to the purposes for which the map is 
developed, is directly related to the selection of the MMU and therefore, to determining the 
extent of detail conveyed by an interpretation (Saura, 2002; O’Neill, 1996). Therefore, the 
existent dissimilarities in this technical specification were object of a structural harmonisation 
methodology. The main differences between 2 area maps produced at different scales - all 
other factors being equal, namely landscape configuration - would be the detail of the 
polygons’ borders. This would create sliver polygons when overlaying the 2 cartographies and 
the analysis of these areas wouldn’t make sense. Firstly because the nominal disparities would 
be due to the scale factor and secondly because those areas couldn’t be mapped in one or more 
of the cartographies according to their technical guidelines. Other studies dealt with comparing 
different scale cartographies by eliminating from the analysis a given length buffer at each side 
of the polygons’ borders (Gallego, 2001). This method would reduce too much the total 
analyzed area for this case study and still wouldn’t solve the different MMU’s; therefore, a 
minimum analysis unit (MAU) was implemented in order to solve this problem. This area 
threshold will only allow the analysis of areas that could equally be mapped in all the studied 
databases, excluding the sliver polygons as well as the other areas below the largest MMU 
from the 4 cartographies. In the presently reported case study the MAU was defined by the 
CLC minimum mapping area, i.e. 25 hectares. 

3.1.4 Polygon width 
Another technical specification that needed to be resolved and harmonized was the polygon 
width or the minimum distance between lines. In the CLC cartography this distance is of 100 
m, which means that no object/area is mapped if the lines that define its borders have less than 
100 m between them. The other cartographies used for this study have lower minimum 
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distances so in order to harmonize these differences the command CENTERLINE was run in 
ArcInfo and the polygons that didn’t keep this condition were removed from the analysis. 

3.2 Overlaying processes 
The spatial overlay of the cartographies was a time consuming task, as well as very demanding 
in terms of computer processing. Therefore, the methodology was also developed having this 
into consideration. 

In the first place, the reclassification process previously referred was implemented in the CFE 
and the COS. These data are originally provided divided in administrative regions and in 
separate sheets, respectively. Thus, the border polygons for these divisions had to be taken into 
account, as they could be wrongly excluded for not being in accordance with the MAU. In this 
framework, the approach followed was to first dissolve the polygons’ borders based on the 
reclassification for each section, and second to exclude the polygons smaller than the MAU 
that were not border polygons. Afterwards, all border polygons were merged, polygons with 
the same code were dissolved and finally all dissolved polygons from all sections in the 
provided products were merged together. This led to a reclassified product for each of these 2 
cartographies, with no areas smaller than 25 hectares. 

Next, the percentages of points from IFN spatially contained within borders of the CFE 
polygons were evaluated. It was established a limit inferior of 4 points for which the analysis 
could be carried out. So, the CFE polygons that did not reach this condition were excluded. As 
already referred, a set of decision rules was then built and applied, originating a reclassified 
IFN database, structurally harmonized and overlaid with CFE. 

The overlaying of the COS’ 90 with the CLC and the exclusion of sliver polygons was the next 
step of the methodology. Finally, the 2 resulting products, i.e. the COS’90 x CLC and the CFE 
x IFN, were overlaid and again the MAU rule applied, ensuing a final product where polygons 
contain the information for each of the 4 databases. 

3.3 The uncertainty scale 
After obtaining the final map product, an extensive evaluation study was conducted to assess 
an uncertainty value for each polygon, based on 2 different approaches: (1) the matching and 
no matching at different levels of nomenclature detail for the COS’ 90 x CLC comparison; and 
(2) the matching and no matching classifications at different analysis levels, from all the 
different cartographies. The two methods are described separately below. 

3.3.1 The 2-cartography uncertainty scale 
The different thematic purposes for each of the applied cartographies were already mentioned. 
Based on these differences and the following consequent ones, we decided to evaluate an 
uncertainty map only with the 2 thematic matching cartographies, which describe all land 
cover types. Thus, the CLC and the COS’ 90 were chosen and compared at a lower branch of 
the overlaying process tree. At this level the overall analysis area covers 47% of the 
Portuguese continental territory. 

The evaluation of correspondences between the harmonized nomenclatures is made for each of 
the approximately 500 pair combinations resulting from the spatial intersection of the 
cartographies. In this method the stratification of the uncertainty scale is based on the 
postulation that at lower detail level the no matching situations are more severe than at higher 
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detail level, revealing a higher uncertainty value. According to the correspondence table 
(Figure 1) the matching and no matching is decided first at the most detailed nomenclature 
level, i.e. level 3. If a no match situation is detected, the verification is made at the next most 
detailed nomenclature level, i.e. level 2. If at this level the correspondence of the 
classifications is true, the uncertainty value is higher than at the previous one. Else, if it is still 
a no matching pair combination, the verification is made once more at the lowest detail level, 
i.e. level 1. The no match situation at this level is the one with the highest uncertainty value. 
The methodology applied for this 2-cartography uncertainty scale is illustrated in Figure 2. 

 

 
Figure 2 Methodology for the uncertainty assessment with the 2-cartography method. 

3.3.2 The 4-cartography uncertainty scale 
The comparison of the 4 cartographies is made through the analysis of the combinations of 
classes that resulted from the overlaying process. The resulting number of combinations was 
approximately 1500. Eight indexes were formulated to aggregate all possibilities. These 
indexes determined the correspondences between classes and are comprised within the all 
agreeing and the all-disagreeing situations. For each index a given level of uncertainty was 
specified, based on the postulations previously referred. Each combination of classes is 
assigned to one of the eight indexes. This happens at every analysis level, resulting in an 
uncertainty value for each one in every polygon. These uncertainty values are weighted 
according to the level at which they are obtained. The final uncertainty value is calculated 
using the equation below (1), which is the sum of the uncertainty values weighted for each 
analysis level and normalized by the highest possible value: 
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where: 
U – is the final uncertainty value for the polygon, 
Ui – is the uncertainty value for the current analysis level, 
Lwi – is the analysis level weight. 

The uncertainty values are contained within 0 and 1 and the weights for the analysis levels are 
1 for level three, 1.5 for level two and 3 for level one, ensuring in this way that the highest 
contribute to the final uncertainty value is given by the level 3 analysis. 
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Thus, the situation where all the databases agree in level 3 (AAAA) has a lower uncertainty 
value than in level 1, and the situation where they all disagree (ABCD) will have a higher 
uncertainty at level 1 because the other analysis levels are already disagreeing and their 
uncertainty values are summed. Plus, if a pair of cartographies agrees between them but 
disagrees with another agreeing pair (AABB), this is considered a severe situation and 
classified with a high uncertainty value. For example, if a given area is represented in CLC by 
211 (Non-irrigated arable land), in COS’ 90 by 244 (Agro-forestry areas), in IFN by 324 
(Transitional woodland/shrub) and in CFE by 311, it would represent a ABCD situation at 
levels 3 and 2, and a AABB situation at level 1. It is reasonable to consider this area with high 
uncertainty in land cover characterization. 

4 Results and discussion 
The results obtained with the two different methods to spatially assess uncertainty are 
illustrated in Figure 3. 

 

 
Figure 3 Uncertainty maps for the 2-cartography (2 DBs) and for the 4-cartography methods (4 DBs). 

An overall view of the uncertainty maps first reveals the effect of the harmonisation 
procedures, which led to the analysis of solely 47 and 32 % of the country’s continental area, 
respectively with the 2-cartography and with the 4-cartography methods. It can be seen that in 
the south of Portugal, characterized by lower slopes and less fragmented landscape, there is a 
larger amount of polygons that were not excluded, namely by the MAU rule.  
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In what concerns the uncertainty values, it can be observed that with the 2-cartography method 
there are much more evident regions of severe disagreement situations. These situations are 
considered less severe for the 4-cartography method because one or more of the other 2 
annexed databases tend to confirm either the CLC or the COS, reducing the uncertainty for the 
area. Taken as a whole, the high uncertainty areas are not very representative. With both 
methods, the most desirable uncertainty values cover about 60% of the country’s analyzed 
area, although if we consider exclusively the highest detail class level, the overall agreement 
for the 4 cartographies accounts only for 37.5%. On the other hand, the spatialisation 
represented in the uncertainty maps unveils that if a user would have to depend on these land 
cover cartographies in some regions south of Tagus river, he would be facing some very 
worrying uncertainty values. This conclusion is even more important when observing the more 
elaborated 4-cartography map, since in this case the uncertainty scale is based on more 
information.  

The analysis of the results is based on the postulation through which we assume that the more 
information sources are coincident for a given area, the more certainly characterized that area 
is. For the opposite situation, of high uncertainty values, the ambiguity of the nomenclature 
and structural harmonisations is more easily brought to discussion. For instance, in the 2-
cartography method, the most frequent situation with the highest uncertainty level was the case 
where the CLC is 244 and the COS’ 90 is 311. This disagreement is in fact severe if we follow 
the nomenclature logic, since there is no correspondence at the lowest detail level. However, 
the 244 class in the CLC is composed by 31 (Forests) and 21 (Arable Land) bellow MMU 
patches, suggesting that production scale while visually interpreting images could be an 
important cause. Saura (1996) refers this relation of scale and MMU with land cover 
composition. Other significant errors are the ones located near the coastal borders, mainly 
characterized by urban areas, which should have less ambiguous interpretation. 

Another important consideration is related with classes 324 and 311. If the IFN or the CFE are 
classified with 324 and the CLC or the COS’ 90 are classified with 311. In fact, the CFE and 
the IFN are referred to 1995, which is in the middle of the time period used to exclude land 
cover changes in time. Thus, this situation could eventually not mean a real error, regarding 
the transitional nature of class 324, which could make it invisible to the harmonisation 
procedure.  

5 Conclusions 
The overall approach presented in this paper is within the scope of a better use of land cover 
spatial information. The comparison methods that were described had the goal of thematic 
accuracy assessment for polygon areas, creating a map product specific for the Portuguese 
continental land cover cartographies. The methodology took into account the differences in 
nomenclature level and the number of matching cartographies, to formulate a specific 
uncertainty value. This approach can easily be applied to other thematic map comparison 
studies. 

The main problems that were observed were related to the different technical specifications 
and the different nomenclatures for each of the 4 cartographies, thus obligating to extensive 
harmonisation procedures that still do not completely solve all differences. 

The major part of the analyzed area was classified with desirable low uncertainty values, but 
there is an important area of Portugal with moderate land cover characterization problems. 
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These problems are not uniformly distributed in the study area. Future development work is to 
be carried out in order to understand the relation of spatial errors with landscape 
characteristics. 
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