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Abstract

In the study, whose results are presented in the paper, the statistical method LISA 
(local indicators of spatial association) has been used for the delimitation of the 
areas with the statistical significant error values. The error values obtained by 
subtraction of estimated values of altitude (DEM) from the reference surface were
used as the input data for the local spatial cluster analysis. The aim of an
interpretation of the results of local cluster analysis was to determine the behaviour 
of errors (location and size) from the perspective of different quality DEMs, i.e.
DEMs created by different interpolation methods and their settings. 

The main significance of LISA lies in the spatial expression that allows you to 
monitor the extent, distribution and overall structure of clusters. When comparing
the results derived from selected high-quality and low-quality DEM or DEM 
created by the different interpolation methods it is necessary to realize the different
importance of these three aspects. This was reflected in the creation of rules for
interpretation and evaluation the results of local cluster analysis, which is one of 
the main results of the study. 
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1. Introduction

A relief is a key factor in many environmental processes. It has a significant im-
pact on climate variables like temperature and precipitation. It also influences a 
degree and spatial extent of weathering, erosion or accumulation on the Earth's 
surface etc. (Moore et al., 1991; Wilson and Gallant, 2000; Arrell, 2005). Within a 
GIS environment, digital elevation models represent the real image of a relief. The 
most quality DEM must be used to get best quality of the results from environ-
mental analysis. 

The DEM quality (in terms of metric accuracy) mainly depends on the underly-
ing data source and interpolation method (Weng, 2002). In connection with the
underlying data the method of collecting these data affects the quality of the result-
ing DEM. Even if it is chosen the best source of elevation data it is not guaranteed
accurate DEM on the output, because for its generation it is also necessary to 
choose a suitable interpolation method and setting of its parameters. Systematic and 
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unsystematic errors can occur during the process of the DEM creation. These errors 
can negatively influence the next computation of the morphometric attributes. 

There exists couple of methods for the determination of the inaccuracy in the 
DEM. The fast way how to uncover the majority of the errors is the visual control 
of the DEM. This leads to the recognition of the errors caused by the deficient in 
the vertical resolution and the problems caused by the local abnormality. There are 
also other more sophisticated ways how to compare the resulting DEM. These 
methods are based on the statistical approach. Among the mostly used methods 
belong root mean square error (RMSE), total absolute error (AE) or hammock 
index (H). The root mean square error (RMSE) expresses an extent to which an 
interpolated value differs from a real value. A higher value corresponds to a greater 
difference between two datasets (Wood, 1996). The total absolute error (AE) shows 
a real sum of all deviations from reference data in both positive and negative direc-
tions (Svobodová et al., 2009). The hammock index (H) examines the regularity of 
location of interpolated values between the known values, as well as excessive 
incidence of pixels whose altitude tally with original data values (Wood, 1996). 

These common methods used for assessment of a metric accuracy of DEMs (like 
RMSE, AE, H) are only global non-spatial measures. Their unquestionable advan-
tages are their easy calculation and interpretation. However, as to environmental 
applications, the knowledge of spatial error variability is very important. Many 
authors (Desmet, 1997; Erdogan, 2009; Fischer, 1998; Gao, 1997; Hofierka et al., 
2007; Hunter and Goodchild, 1997; Pechanec et al., 2011; Svobodová, 2010; Wise, 
2000) claim that the extent of errors in a DMR depends on a character of a terrain 
and is spatially variable. 

Absolutely the easiest way how to get the value of local deviations is the sub-
traction of estimated values of altitude (DEM) from the reference surface, if avail-
able, or from reference points. These differences can then be used for example to 
calculate the total absolute error (Svobodova et al., 2009). Gousie (2005) or
Erdogan (2009) states other examples (methods) to express the spatial distribution
of error. 

2. Application of LISA

The basic problem of the above mentioned methods is mere spatial visu-
alization of absolute or relative values without any determination of significance of 
the size of errors. These surfaces, however, can be used by local cluster analysis 
(LISA) to determine the values of errors and locate statistically significant clusters 
of high error values, clusters of low error values or so-called outlier.

To assess DEMs spatially, a local cluster analysis LISA which enables to ob-
serve a spatial distribution of errors can be applied. In contrast to a mere represen-
tation of size of errors in form of an accuracy surface (gained by a mere difference 
between estimated data and reference data), which does not allow for exact deter-
mination of boundaries between high and low error values, a local cluster analysis 
determines statistically significant high and low error values (or outlying values) 
accurately enough (Figure 1). The accurate determination can be further used for a 
research into relationships between occurrence of high error values (or outlying 
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values) in DEMs and values of morphometric parameters derived from these DEMs
(Svobodová, 2011).

Figure 1: Comparison of common accuracy surface with absolute error values (left) and 
localization of statistically significant clusters of high (HH) or low (LL) values gained by 

LISA (right) - the example of the Rusavská highland

The aim of spatial assessment of metric accuracy of DEMs is to verify the re-
sults of non-spatial assessment. However, even if the local cluster analysis LISA is 
used to assess the spatial metric accuracy of DEMs it is necessary to use some non-
spatial values. It came out during the evaluation of LISA results that when inter-
preting results it is desirable to focus not only on a spatial visualization of clusters 
of statistically significant high or low error values, but also on quantitative (or 
sometimes global) values of indicators like a range of values in a set of errors, a 
mean error value or maximal value in the clusters of high error values. On the basis 
of assessment of spatial extend of statistically significant clusters of errors together 
with using of above-mentioned quantitative indicators the rules for assessment of 
quality of DEM (at one area) in the terms of spatial accuracy were made and they 
are state in Table 1 (Svobodová, 2011).

Table 1: Evaluation of quality of DEMs according to a spatial assessment of LISA results 
supplemented with quantitative non-spatial indicators

Area of clusters at com-
parison of two DEMs by 

visual evaluation

Range of error values,
mean value of errors,

max. value in HH* clusters

Quality of DEM

bigger higher less-quality
lower more-quality

smaller higher less-quality
lower more-quality

comparable higher less-quality
lower more-quality

comparable comparable
*cluster of high values (high error values)
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It is possible to demonstrate a need to supplement spatial assessment of quality 
of DEMs with quantitative non-spatial indicators on the results of local cluster 
analysis of highland relief (Rusavska highland RH). The results of LISA are in case 
of the high-quality DEM compact and aerially more extensive clusters of high or 
low errors. As for the low-quality DEM, the clusters are aerially less extensive and 
their types vary in areas more often (see Figure 2). Interpretation by visual evalua-
tion only could lead us to the conclusion that there are more statistically significant 
errors in the DEM which is considered to be high-quality one than in the lower-
quality DEM (Figure 3). Nonetheless, this way of differentiating between high-
quality and low-quality DEM is not correct. 

Figure 2: Typical structure of clusters in results of LISA derived from the high-quality (left) 
and low-quality (right) DEMs of highlands (the example of the Rusavska highland)

Figure 3: Percentage rate of features that belong to the individual types of clusters with the 
use of high-quality and low-quality DEMs (the example of the Rusavska highland)

When considering the various extent of error values, different mean error values 
in files entering the local cluster analysis and different size of maximal value in the 
clusters of high error values (Table 2), however, we find out that clusters of high 
errors in high-quality DEM which at first sight appear to be more extensive, in 
reality cover much lower values of errors than aerially smaller clusters of high 
errors derived from low-quality DEM. Moreover, taking into account the structure 
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of clusters, it can be supposed that more compact shapes allow for a smoother 
change of error values, which can preserve shape fidelity of an actual relief. On the 
contrary, a frequent change of little clusters of low and high errors can bring about 
occurrence of local minims and maxims in DEM resulting in prevention of fluent 
outflow. 

Table 2: Range and mean value of absolute error values gained by subtraction of high-
quality (HQ) or low-quality (LQ) DEM from referential DMR and maximal value of error in 

clusters of statistically significant high error values (max. HH) - the example of the Ru-
savska highland

range [m] mean [m] max. HH [m]
HQ LQ HQ LQ HQ LQ 
����� ���	
� ��

� ����� ����� ���	
�

3.   Conclusion 

The using the LISA method allows you to accurately determine as in value as in 
space the high error values (for a given level of statistical significance). This gives
it a huge advantage over other methods used for spatial assessment of the accuracy
of DEM. The inclusion of the selected global characteristics such as a range of 
values in a set of errors, a mean error value or maximal value in the clusters of high 
error values is necessary for the correct interpretation of the results
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