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Abstract 
This paper presents a method to assess the horizontal accuracy of class boundary location for 
large scale categorical data for large mountainous and protected areas. The test was 
performed on a land cover dataset which was created for the Swiss National Park (SNP) with 
an overall area of 370 km2. The average area of a polygon has been 0.66 ha with a minimal 
distance between two lines of 5 meters. Therefore a set up of stratified random samples was 
required because of the lack of sufficient data with higher accuracy as a reference and 
restricted access to the area due to conservation policies. Additionally we regarded the 
assumption that spatial properties in maps are a function of thematic categories and accuracy 
requirements differ in boundaries between different classes. The comparison is based on 
orthoimages with a well defined spatial quality description. We defined all possible pairs of 
neighboring habitat classes and classified the required accuracy by a confusion matrix. The 
accuracy values are based on the guidelines for interpretation. We intersected a regular set of 
directed transect lines across the data set and obtained a point dataset of all intersections 
between transect lines and class boundaries. The intersection point data was buffered 
according to the varying accuracy between the adjacent habitat types. With an independent 
manually operated control procedure the accuracy of the line was accepted or rejected by 
defining the delineation within or outside the buffer. In an area with missing data of higher 
accuracy or restricted access, the method has shown a simple approach to assess the overall 
accuracy of categorical data as well as a well distinguished image of the delineation work of 
different adjacent classes. Moreover, with the design of control points, an overall view over a 
large area is guaranteed. 
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1 Introduction 
Knowledge on quality of spatial data in general and positional accuracy is fundamental in 
environmental science and management. The perception of the influence of spatial data with 
poor quality on ecological analysis and models, where different data sets will be combined has 
been grown in the last years (Guisan and Zimmermann, 2000).  

In order to determine the quality of spatial data, methods for the inquiry and assessment of the 
data quality are provided by organisations like Federal Geographic Data Committee (FGDC) 
or International Organization for Standardization/Technical Committee (ISO/TC 211). The 
GIScience community has offered as well various solutions and approaches to estimate 
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positional error in geographical data. Nevertheless, these standards and tools have rarely been 
implemented in environmental research.  

In general “the positional accuracy of a spatial object” is defined “through measures of the 
difference between the apparent locations of the feature as recorded in the database and the 
true location”. Because of problems in identifying the true location of a feature caused by 
“measuring instruments, frames of geodetic reference and feature definitions”, the positional 
accuracy of a feature practically is defined “through measures of the difference between the 
location recorded in the database and a location determined with a higher 
accuracy”(Goodchild and Hunter, 1997). To avoid confusion the analysed dataset is termed 
tested source and the dataset with higher accuracy reference source. Especially for linear or 
polygon features this concept is often used.  

Very often accuracy assessments are based on epsilon or perkal bands. These are tolerance 
ranges around lines of the reference source in which the comparable line in question of the 
tested source should be situated. The line of the tested source goes as inaccurate if a part of the 
line passes outside this area. Goodchild and Hunter (1997) calculate the relationship of the line 
shares within and outside the tolerance range. The approach of Devogele and Bonin (2000) 
concentrates on the distance between corresponding lines within the tested and reference 
source. They tested several mathematical methods for distance analysis of linear features. 
Examples are Hausdorff- distance, Frèchet- distance or discrete Frèchet- Distance. In other 
methods prominent points are used, such as crossroads or corner points of polygon features 
(Tveite and Langaas, 1995). If these points can be identified in both datasets it is possible to 
measure the deviation between points of the tested and the reference source. Subsequent to 
these measurements a statistic statement towards the positional accuracy of these points can be 
given. 

All these approaches have the premising condition to compare a subset of the tested data with 
reference data, often out of the same data type. But in environmental study and management 
areas, reference data of the same data type is often not available, respectively it would be used 
for the study if available. Remote areas do not have accurate and independent reference points 
which could be used to sufficiently test the positional accuracy. 

Another aspect of determining the positional accuracy of linear data in rural areas is given by 
Aspinall and Pearson (1995). They assume that “…spatial properties of categorical maps are a 
function of the thematic categories – the geometry depends on attribute specification”. Related 
to categorical data it means that different pairs of adjacent habitat types claim varying accuracy 
requirements. Paying attention to this fact an additional step for integrating a varying range of 
accuracy constraints has to be added to the methods listed above. But if this step is integrated 
to a control procedure a high thematic accuracy, which is the basement for defining accuracy 
constraints, has to be assured for the tested dataset. But if this step is integrated to a control 
procedure a high thematic accuracy, which is the basement for defining accuracy constraints, 
has to be assured for the tested dataset. 

The intention of our research was to assess the positional accuracy of class boundary location 
in a small scale categorical data set with a perimeter of several hundred square kilometres in an 
alpine environment. A special focus therefore was given to the varying range of accuracy 
constraints and the lack of a linear reference source. Further objectives were minimizing the 
economic efforts by using an optimised sampling procedure and avoiding the necessity of a 
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field survey. Moreover, as a protected area of the IUCN category 1a, the disturbance of 
processes and wildlife had to be minimized. 

2 Method 
Since no further adequate linear dataset was available the comparison is based on a set of 
orthoimages which were derived from the same aerial images used for the delineation of the 
categorical data set. For the orthoimage a well defined spatial quality description exists 
(Thomson, 2004). The reinterpretation of different class boundaries in previously selected 
sample areas becomes the core of this approach. Sample points in our case are defined by 
points which can be examined easily. 

At first all possible pairs of neighbouring habitat classes have to be defined. In a confusion 
matrix these pairs will be classified according to the required accuracy claims. In some cases 
accuracy values are already defined so they just have to be assigned to the corresponding pairs. 
If these values were not provided yet, Aspinall and Pearson (1995) show an approach where 
“…boundary uncertainty is measured by comparing the probability of accurately identifying 
each class sharing a boundary with the probability that they are confused with another”. From 
these probabilities the lacking epsilon values can be established. 

The sample points were obtained by intersecting a regular set of directed transect lines across 
the data set. Every intersection between transect lines and class boundaries defines the centre 
of a single sample unit. By varying the number of transect lines an adequate quantum of 
sample points can be created. This design guaranties an overall view to the whole observed 
area and not just a for few selected sample areas. 

At this point it is essential that information about class affiliation of both adjacent areas is 
stored in the attributes of every intersection point. With help of this information a circular 
buffer is created for every point. The buffer- size is defined by the specific accuracy values 
according to the adjacent habitat types. 

With an independent manually operated control procedure the accuracy of the lines is verified 
as follows. At every sample unit a readily interpreted class boundary of two habitats with a 
circular buffer as well as the “natural” borderline on the underlying aerial photo is to be seen 
(Figure 1). After having reinterpreted the class boundary at a sample point the controller 
decides if the corrected borderline courses within or outside the buffer and stores his decision 
in a prepared table. Simultaneously a statement is given, if the course of delimitation is 
definitely clear or various in the controller’s mind. Particular caution has been given to the 
possibility, that the reference orthoimage could introduce the mismatching as well. Finally it is 
possible to calculate statistics towards the entirety of sampling points as well as finding out 
problematic combinations of adjacent habitat types. 
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Figure 1 Example of sampling points surrounded by circular buffers according to the demanded accuracy 

requirements. 

3 Case study 
This method was tested using parts of a land cover dataset, which was created for the Swiss 
National Park (SNP) in the South Eastern Alps of Switzerland on an area of 370 km². The 
average area of a polygon has been 0.66 ha with minimal distance between two borders of 5 
meters. The dataset was created within the HABITALP Project1 which is part of the European 
INTEREG III B Alpine Space Program2. Habitat types in this dataset were interpreted using a 
hierarchical mapping key (cf. www.habitalp.org). Basis for the delimitation of habitat types 
was a set of 760 coloured infrared (CIR) aerial photos which have been taken in the year 2000. 

Reference source is a CIR- orthoimage that was created from those aerial photos which were 
originally used for developing the land cover data set. For this orthoimage the methodology 
and accuracy statistics of the National Standard for Spatial Data Accuracy were employed to 
compute the positional error with respect to the true ground position. The result of this test 
shows that the positional error is normally distributed and positions in the orthoimage have a 
maximum error that is equal or smaller 0.59 meters (cf. Thomson, 2004). The positional error 
is reported at a 95% confidence level of 21 ground control points. With this positional 
accuracy the suitability is given to serve as a reference source for the following test.  

In order to keep this test manageable the boundaries between the main classes of the mapping 
key were examination objects respectively. Therewith all possible combinations of 9 different 
main habitat types as well as their internal differentiation theoretically occurring had to be 
checked. To find out all real existing combinations in this dataset the additional tool “find 
adjacent” for ESRI`s ArcGIS software was used. It served to determine all adjacent classified 
polygons. This procedure was carried out for the selection of every habitat type to find out all 
existing combinations in the dataset as well as their frequency. Thereby it has to be regarded 
that habitat types with large areas can neighbor many small area habitats of the same type. The 
other way around for these many small habitats the large neighbor is listed just for one small 
area. So only the columns in table 1 indicate the amount of habitat areas neighboring the 

                                                                 
1 “The HABITALP Project deals with the diversity of alpine habitats and its goal is to monitor long term 
environmental changes in these habitats” (www.habitalp.de) 
2...is a EU Community Initiative to establish the Alpine Space as a powerful area in the European network 
of development areas regarding a sustainable development of infrastucture and communication as well as 
the protection of natural and cultural heritage (cf. www.alpinespace.org). 
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habitat type listed above. The fields with no value in table 1 indicate theoretically possible but 
not existing pairs of habitat types and are excluded in the further proceeding. 

Table 1 Percentage of neighboring Polygons per habitat class3. 

 Water- 
bodies 

Bogs, 
Swamps 

Agri- 
Cultural 
land 

Perennial 
forb 
com-
munities 

Immature 
soil sites 

Trees, 
field 
trees or 
shrubs 

Forest Greatly 
modified

Settle-
ment, 
traffic   

Waterbodies 11% 8% 1% 3% 4% 5% 2% 5% 4%
Bogs, 
Swamps 

2% 14% 1% 1% - - 1% - - 

Agricultural 
land 

- - 6% 1% - 1% - 1% 1% 

Perennial 
forb 
communities 

18% 40% 43% 34% 26% 56% 24% 29% 32% 

Immature 
soil sites 

42% 8% 2% 22% 38% 9% 20% 12% 8% 

Trees, field 
trees or 
shrubs 

1% - 4% 4% 1% 3% - 1% 3% 

Forest 18% 27% 11% 26% 26% 6% 47% 24% 26% 
Greatly 
modified 

- - 2% 1% 1% 1% 1% 4% 2% 

Settlement, 
traffic 

7% 2% 31% 9% 4% 19% 5% 23% 23% 

3 The column sum does not always yield 100% due to rounded values 

 

The accuracy values are based on the guidelines for interpretation (Hauenstein and Demel, 
2005) and are orientated at the unambiguousness of the boundary between two habitat types in 
the aerial picture. So 4 accuracy values were defined and described as follows in table 2.  

Table 2 Definition of boundary types. 

Type Description Accuracy value 

1 Boundaries are defined sharply in the aerial image for example sealed 
roads and buildings 

r = 1m 

2 Less sharply defined but nevertheless well recognizable as the transition 
of tree and bush vegetations to the other habitat types 

r = 2m 

3 Indicated by gradual and frayed out transitions typical for boundaries 
between heath land with dwarf shrubs and vegetation poor areas 

r = 5m 

4 Very blurredly definable boundaries which are typical for wooden areas r = 10m 
 

Hereafter all relevant combinations of habitat types were assigned to one of these four 
boundary types. The assignment is depicted in a matrix (Table 3). The required thematic 
accuracy of this dataset has already been checked in a preceding test procedure also performed 
by the Swiss National Park (Bley, 2005). Within a set of 200 test areas which were verified in 
a field survey 2% were assigned to wrong habitat types. So it can be assumed that false habitat 
definitions have a neglecting effect to the test. 
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Table 3 Combinations of adjacent habitat types and the assigned boundary type. 

 

To obtain sampling points, a set of 9 transect lines was intersected with the tested source. So 
the complete set contains 1135 well distinguished points including information about the 
adjacent habitat classes according to table 1. To visualize the areas where larger deviations are 
tolerated, the set of sample points is buffered using the accuracy value as radius.  

At this point the independent manually operated control procedure started. At every sample 
point class boundaries had to be reinterpreted. Based on the produced buffer it was then 
determined whether the boundary must be rejected or accepted as correct. That means, if the 
delineation was found within the circular buffer, it was accepted. To define the decision as 
“clear” or “various” in the interpreters mind an additional statement was given.  

Caused by the partly finished and fragmented test dataset an additional statement for 
borderlands was added. All sample points that are defined by a transect line and a habitat 
types` boundary with no classified adjacent areas fell in this category. To facilitate a following 
tabular evaluation all statements were coded as shown in  

Table 4 Encoding of control statements. 

Position Unambiguousness 

Within the buffered area 0 Clear 0 

Outside the buffered area 1 Various 1 

  Borderlands 2 

  Water
bodies 

Bogs 
Swamp 

Agri- 
cultur
al land 

Peren-
nial 
forb 
com-
muni-
ties 

Im-
mature 
soil 
sites 

Trees, 
field 
trees or 
shrubs 

Forest Greatly 
modi-
fied  

Settle- 
ment, 
traffic 

Waterbodies 2 2 - 1 1 2 2 2 1 

Bogs, 
Swamps 

 3 - 3 2 - 2 - 2 

Agricultural 
land 

  2 3 - 2 3 - 2 

Perennial forb 
communities 

   3 3 2 2 1 1 

Immature soil 
sites 

    3 2 2 1 1 

Trees, field 
trees or 
shrubs 

     3 3 2 2 

Forest       4 2 2 

Greatly 
modified 

       1 1 

Settlement, 
traffic 

        1 
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Table 5 shows an overview of all tested sample points according to the encodings in Table 4. 
The absolute amounts of accepted and rejected boundaries are displayed for every combination 
of adjacent habitat types. 

Of 1135 tested sample points, 981 could be used for the test. Sample points, which were 
defined by just one polygon without a neighbour or located within shadowed areas were 
classified to category "borderland" and had to be excluded from the evaluation. The 
interpretation in these cases has been conducted with a variable use of brightness and contrast 
at the digital photogrammetry station. In 8 cases (0.82%) of all samples the reinterpretation of 
the boundary was clearly showing a different result, according to the given accuracy limits. 4 
of the 8 cases are concerning forest. This is not surprising as the interpretation of the upper tree 
line is a major problem in mountainous areas. The other cases are showing another inherent 
problem of an interpretation. As anthropogenic habitat types are mostly defined by sharp edges 
like the end of a building or a road the course of habitat borders is clear. In other cases 
boundaries between two habitat types are floating and can be interpreted differently by two 
interpreters. 

Another 3.5 % of all tested samples are showing the class "various". This means, that the 
controller does not have the same opinion as the interpreter, but avoids rejecting the first 
interpretation without a field validation.  

All together, over 95.7% of all cases had been accepted by the controller according to the 
accuracy class the boundaries belong to. 

4 Discussion 
It stands out that some possible combinations did not have influence on the examination; even 
so nonexistent combinations (cp. Table 1) have not been listed. Further combinations are 
represented by just 1 or 2 sample points. The result therefore just gives a general overview and 
does not express a detailed image of the different classes. This could be overcome by 
searching for specific boundaries and testing them specifically. Other factors, like average size 
and total amounts within the dataset increase the chance to have an influence to the test. So the 
big number of sample points including “Forest”- or “Immature soil site- areas” is caused by a 
huge amount of these polygons1 in combination with a big average size. 

As described above, this test is based on a reinterpretation performed by an external controller. 
Therefore the results mostly depend on the controller's knowledge, experiences and a resulting 
self- confident analysis. That is why this test has to be performed by a person who is familiar 
with the mapping key, interpretation rules as well as specific regional features. 

One main problem remains. Only existing boundaries can be checked with this method. If 
there are natural boundaries which have been omitted by the interpreter, it is not possible to 
detect it with this procedure. But this problem cannot be solved unless a full reinterpretation 
with several different interpreters would be done. 

Concluding, the method presents a simple and effective approach to check the spatial accuracy 
of a dataset in an area, where reference points or lines are missing and the collection of field 
data is restricted due to policies and economical factors. The methods allow a statistical 

                                                                 
1 Forest – 29% of all habitats 
 Immature soil sites – 26% of all habitats 
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prediction of the overall accuracy. The varying accuracy requirements between different types 
of borders shows a successful way to deal with different class types in categorical data. 
Boundaries, where higher accuracy is required and possible, are tested within an overall 
approach with boundaries with less stringent accuracy requirements. The initial guidelines and 
accuracy requirements are used and respected. Further investigations will include a more 
detailed analysis of specific class neighbours to improve the knowledge of positional accuracy 
of polygons defining the boundary between these specific classes. 

Table 5 Results of the tested points. 

Within OutsideHabitat- 
type 

Adjacent habitat 
types Clear Various Clear Various

Borderland Total 

Waterbodies  - - - - 1 1
Agricultural land - - - - - 0 
Perennial forb com. 46 - 2 1 - 49 
Immature soil sites 6 1 - - - 7 
Trees, field trees - - - - - 0 
Forest 23 4 - - - 27 
Greatly modified - - - - - 0 

Settle- 
ment, 
traffic 

Settlement, traffic 43 1 2 3 50 99 
Waterbodies - - - - - 0 
Agricultural land - - - - - 0 
Perennial forb com 1 - - - - 1 
Immature soil sites 1 - - - - 1 
Trees, field trees  - - - - - 0 
Forest - - - - - 0 

Greatly 
modified 

Greatly modified - - - - 2 2 
Waterbodies 8 1 - - - 9 
Bogs, Swamps 8 - - - - 8 
Agricultural land - - - - - 0 
Perennial forb com 93 - 4 - - 97 
Immature soil sites 49 2 - 1 - 52 
Trees, field trees - - - - - 0 

Forest 

Forest 247 3 - - 6 256 
Waterbodies - - - - - 0 
Agricultural land - - - - - 0 
Perennial forb com 11 - - - - 11 
Immature soil sites - - - - - 0 

Trees, 
field 
trees or 
shrubs 

Trees, field trees - - - - - 0 
Waterbodies 29 - - 2 - 31 
Bogs, Swamps - - - - - 0 
Agricultural land - - - - - 0 
Perennial forb com 72 5 - - - 77 

Immature 
soil sites 

Immature soil sites 206 4 - 4 31 245 
Waterbodies 7 1 - - - 8 
Bogs, Swamps 4 - - - - 4 
Agricultural land - - - - - 0 

Perennial 
forb 
com-
munities 

Perennial forb com 117 - - - 7 124 
Bogs, Waterbodies - - - - - 0 
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 Bogs, Swamps - - - - - 0 
Water- 
bodies 

Waterbodies 
2 1 - - 23 26 

 Total 973 23 8 11 120 1135 
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