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Abstract 

During the recent years, landform detection and mapping has 
been one of the most active fields of geomorphometry. 
However, there is still a need for quantitative work addressing 
the issue of classifying repeating landform types (MacMillan et 
al., 2004). The main issue in developing an accurate automatic 
classification algorithm of repetitive landform types is given by 
the difficulty to integrate contextual information within the 
analysis (Evans, 2012). Therefore, the motivation of the current 
approach is strongly related to the importance of context 
analysis in the field of specific geomorphometry. Introduced in 
landscape ecology to evaluate the spatial structure of a 
landscape, the concept of landscape metrics embraces a series 
of specific indicators for quantifying topological and contextual 
information. Thus, considering the fact that the assessment of 
topological and contextual attributes is not possible based on 
local, statistical and regional land-surface variables, the main 
objective of this study is to assess the applicability of landscape 
metrics for the delineation of landform patterns. 
The quantification of landscape metrics involved the 
segmentation and classification of the following morphometric 
variables: elevation, profile curvature and local relief. Using an 
unsupervised method, the Iso Cluster Unsupervised Classification 
tool from ArcGIS10® software, a total of 24 classes have been 
used in order to fulfill the minimum requirement imposed by the 
concept of landscape metrics and further statistical analysis. In 
order to test the transferability degree of landscape metrics 
among different dune fields, a set of statistical analyses was 
carried out. The proposed methodology has been applied on 
freely available ASTER GDEM’s. This paper provides new 
prospects regarding the applicability of landscape metrics for the 
delineation of landform patterns. 
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Rezumat. Utilizarea metricilor peisajului în 
descrierea configuraţiei formelor de relief 
repetitive. Studiu de caz asupra câmpurilor de dune 

Clasificarea și cartografierea formelor de relief contituie una dintre 
cele mai active ramuri din domeniul geomorfometriei. Cu toate 
acestea, există un număr redus de abordări ce vizează clasificarea 
formelor repetitive de relief (MacMillan et al., 2004). Dificultatea 
integrării informațiilor contextuale în procesul de clasificare a 
formelor repetitive de relief constituie principalul impediment în 
dezvoltarea unui algoritm de clasificare care să prezinte rezultate 
cu un grad de acuratețe ridicat (Evans, 2012). Astfel, motivația 
acestui studiu este puternic corelată cu importanța analizei de 
context în clasificarea automată a formelor repetitive de relief. 
Metricile peisajului însumează o serie de indicatori specifici 
ecologiei peisajului ce vizează evaluarea structurii spațiale a unui 
ansamblu peisagistic. Luând în considerare faptul că evaluarea 
atributelor topologice și contextuale nu este posibilă pe baza 
variabilelor morfometrice locale, statistice sau regionale, scopul 
acestui proiect este de a evalua aplicabilitatea metricilor peisajului 
în descrierea configurației spațiale a formelor de relief repetitive. 
Cuantificarea metricilor peisajului a impus segmentarea și 
clasificarea următoarelor variabile morfometrice: altitudinea, 
altitudinea relativă și curbura în profil. Utilizând algoritmul de 
clasificare neasistată, Iso Cluster Unsupervised Classification, din 
programul ArcGIS10®, au fost stabilite 24 de clase, acestea având 
ca fundament o serie de limitări impuse de conceptul metricilor 
peisajului și de analizele statistice ulterioare. Analizele au vizat 
evaluarea transferabilității indicatorilor la nivelul altor areale 
similare. Metodologia dezvolată a avut la bază utilizarea modelelor 
digitale de elevație de tip ASTER GDEM. Lucrarea prezintă astfel 
primele demersuri în ceea ce privește aplicabilitatea metricilor 
peisajului în descrierea configurației spațiale a formelor de relief. 
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Introduction 

Recent advances in computer sciences have 

facilitated an increase in the overall quality of digital 
elevation models (DEM’s) and the development of 

geomorphometry, the science of digital terrain 
analysis (Pike, 1995; Wilson, Gallant, 2000; 

Rasemann et al., 2004). DEM’s are complete 

representations of terrain heights that are used to 
display landforms and to derive land-surface 

variables through geomorphometric analysis (Pike, 
2000; Hengl, Evans, 2009).   

In the scientific literature, there are two 
overarching modes of geomorphometric analysis: 

specific, treating discrete landforms and general, 
addressing the continuous land surface (Evans, 

1972). So far, there is a lack of studies approaching 
both modes for comparing the results in a specific 

landscape (Evans, 2012). Therefore, Drăguţ, Eisank 

(2011) proposed discrete geomorphometry as a 
possible approach to connect general and specific 

geomorphometry. The main objective of this 
approach is to produce homogenous objects, 

determined by discontinuities in land-surface 

variables (Drăguţ, Eisank, 2011).   
Within the context of extracting morphometric 

objects defined as homogeneous areas based on 
constant values of morphometric properties and 

delineated by discontinuities of the properties, 
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Minár, Evans (2008) have introduced the concept of 
elementary forms. Delineation of such objects 

should be followed by further analysis in order to 

relate landforms to context in geomorphological 
mapping (MacMillan et al., 2004; Bishop, 2009; 

Eisank, 2010). Therefore, one of the most persistent 
challenges launched by the scientific community is 

the description of local conditions based on 

contextual and topological information (Deng, 
2007a; Evans, 2012). Such approaches are utmost 

important for the classification of repeating landform 
types (Pike, 2000).  

Despite the fact that Pike (1988) has published a 
seminal research on automatic classification of 

repeating patterns of landform types by analyzing 

DEM’s, there is still a lack of studies addressing this 
issue (MacMillan et al., 2004). Pike (2000) and 

(Olaya, 2009) have suggested that landscape metrics 
could complement local variables in land surface 

classification. However, landscape metrics have not 

been evaluated yet as land-surface variables.  
This paper provides new prospects regarding the 

applicability of landscape metrics as land-surface 
variables, in the context of delineation of landform 

patterns. The main objective of the current research 
is to assess the potential of landscape metrics to 

differentiate landform patterns and to account for 

spatial context as a basis for classifying repeating 
landform types. 

Study area and Data 

Study area 

The test site is situated in the Great Sand Dunes 

National Park and Preserve (37.78°N, 105.54°W), 

located in the San Luis Valley, southern Colorado 
(fig. 1). The National Park covers an area of 

approximately 168 km2, with elevations ranging 
between 2290 to 3900 m. The climate is arid, 

receiving mean annual precipitation of about 152 

mm/y (Forman et al., 2006). 
The most predominant feature in the Great Sand 

Dunes National Park is the 78 km2 active dune mass 
that rises more than 200 m above the valley floor 

(Madole et al., 2008). The sand mass, which is 
banked against the Sangre de Cristo Mountains, 

represent a complex of active and sinuous 

transverse to barchanoid ridges, with a general NNW 
– SSE orientation (Wiegand, 1977). The 2000 to 

12000 years old sand mass was transported to the 
San Luis Valley, mainly by the Rio Grande, being 

latter deposited at the base of the Sangre de Cristo 

Mountain front (Chatman et al., 1997). 

 

Fig. 1: Location of the study area 
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Digital Elevation Model 

Previous work regarding the spatial analysis of 
dunes (Bubenzer, Bolten, 2008; Hugenholtz, 

Barchyn, 2010; Bullard et al., 2011) have been 

carried using the global digital elevation dataset, 
ASTER GDEM (Advanced Spaceborne Thermal 

Emission and Reflection Radiometer Global Digital 
Elevation Model). Given that the current paper aims 

is to assess the applicability of landscape metrics for 

the delineation of landform patterns, with a case 
study on dunefields, data analysis was carried out 

using the same 30 m resolution ASTER DEM, 
projected in the national coordinate system, NAD 

1983 UTM Zone 13N. 

Methodology 

Pre-processing 

Land-surface variables were derived based on 

DEM analysis (profile curvature and local relief), 
using two GIS (Geographical Information System) 

software’s: Landserf 2.3 and ArcGIS10®. Due to the 

advantage to opt for a multi-scale approach, 
Landserf 2.3 was used in order to determine the 

best window size for the derivation of profile 
curvature (9x9). Mean filtering of elevation, using 

Focal Statistics, implemented in ArcGIS®, was 

applied, before the extraction of local relief.  
Since DEM’s consist of continuous data and 

landscape metrics mostly deal with discrete 
information (McGarigal, Marks, 1995), the DEM’s 

have been converted into a discrete layer before 
applying any quantification. The conversion has 

been carried out through a segmentation process 

which relies on three different layers: elevation, 
profile curvature and local relief. For a reliable 

landscape metrics quantification the creation of 
meaningful segments, by applying image 

segmentation algorithms, is utmost important. 

Therefore, the segmentation processes has been 
carried out using the ESP2 tool, developed by 

Drăguţ et al. (2013) and implemented in eCognition 
software (Trimble, 2011). Each of these variables 

were classified based on mean and standard 
deviation values, using the Iso Cluster Unsupervised 
Classification tool implemented in ArcGIS10® 

software. A total of 24 classes have been used in 
order to fulfill the minimum requirement imposed by 

the concept of landscape metrics and further 
statistical analysis. 

Quantification of landscape metrics 

The concept of landscape metrics was first 

introduced in landscape ecology to evaluate the 

spatial structure of a landscape and was thought 
useful in the field of geomorphometry in order to 

complement local derivatives in creating geometric 

signatures of topography (Pike, 2000, Olaya, 
2009). Recent advances in computer sciences and 

GIS analysis have facilitated the development of a 

large number of landscape metrics. Therefore, 
choosing the appropriate indicators is a laborious 

task, imposing both a level of experience, as well 
as an exhaustive statistical approach (Lausch & 

Herzog, 2002). 

As the patch (landscape element) represents 
the fundamental element in landscape metrics, 

the concept of landscape metrics is suitable for 
the quantification of two fundamental aspects in 

the analysis of landscape spatial structure: 
spatial composition and configuration (McGarigal 

& Marks, 1995). Landscape composition refers to 

features associated with the presence and 
amount of each patch type within a given 

landscape, but without being spatially explicit, 
while spatial configuration refers to the physical 

distribution or spatial character of patches within 

the landscape. 
A total number of 21 metrics were quantified 

within the current approach, using  FRAGSTATS 
software (McGarigal et al., 2012), while statistical 

analysis was applied in order the delineate the 
parameters that are most suitable for an accurate 

delineation of the dune-field. 

Statistical analysis 

The exploratory spatial data analysis (Anselin, 
1995; Anselin, 1999) was used as an alternative 

method for optimal visualization and clustering of 
landscape metrics, while the Principal Component 

Analysis (PCA) approach was applied as a tool for 

dimensionality reduction (Herzog et al., 2001; 
Lausch, Herzog, 2002). In order to reduce 

redundancies, Spearman’s correlation coefficients 
was computed for all 21 metrics. Finally, only one of 

two metrics was selected if the coefficient between 

to metrics was higher than 0.9. Thus, the PCA was 
conducted according to the Spearman’s correlation 

results and based on a series of specific rules 
(eigenvalue ≥ 1; Kaiser-Meyer-Olkin (KMO) ≥ 0.6 

and Significance < 0.05) (Szabó et al., 2014). 

Test for extrapolation 

In order to test the transferability degree of 

landscape metrics among different dune fields, the 
proposed approach was tested on two different 

DEM’s representing dune fields from Namib and 
Oman. The same landscape metrics were calculated 

for all layers and were used to compute the 
Wilcoxon Test (Pallant, 2010).  

The Wilcoxon Test was used in order to evaluate 

de differences of Mean related circumscribing circle 
index (CIRCLE_MN) and Mean fractal dimension 

index (FRAC_MN) between the tested areas (Study 
area – Test1; Study area – Test2). 
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Results 

A first analysis of the spatial distribution of the 

quantified landscape metrics has pointed out that 
the spatial configuration of the main dune field is  

best described by the elevation values, thus the 
remaining morphometric variables (local relief and 

profile curvature) were excluded from further 

statistical analysis. The segmentation and 
classification results of the morphometric objects 

extracted from DEM are depicted in figure 2. 

 

Fig. 2: Results of: A) segmentation process; B) Iso Cluster Unsupervized Classification  (24 classes) 
 

The exploratory spatial data analysis of 

landscape metrics confirms the applicability of DEM 
derived landscape metrics for the quantification of 

topological and contextual attributes. Thus, a total 

of 8 landscape metrics were found to be suitable for 

the automatic delineation of landform patterns 

(Table 1). The CIRCLE_MN was chosen in order to 
exemplify the applicability of landscape metrics for 

the delineation of landform patterns (fig. 3). 

Table 1. The selected landscape metrics which are suitable for the automatic delineation of landform patterns 

 

Fig. 3: Spatial distribution of Mean Related Circumscribing Circle: A) Natural Breaks Classification;             
B) Local MoranCluster Map 

Category Acronym Landscape metrics (units) 

Shape FRAC_MN Mean fractal dimension index (-) 

 PARA_MN Mean perimeter-area ratio (-) 

 CONTIG_MN Mean contiguity index (-) 

 CIRCLE_MN Mean related circumscribing circle (-) 

Isolation/proximity PROX_MN Mean proximity index (-) 

Aggregation IJI Interspersion/juxtaposition index (%) 

Subdivision SPLIT Splitting index (-) 

Connectivity CONNECT Connectance index (%) 
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Based on the correlation analysis, Spearman’s 
coefficient values were determined for all the 

indicators taken into consideration (Table 2).  The 

obtained values point out a strong negative 
correlation of -0.999 between the PARA_MN and 

CONTIG_MN indicators (Table 2). The significant 
negative correlation outlines an inverse relation, 

thus an increase in value of one indicator 
determines a decrease in value of the other one, 

inducing a series of redundant information that 

have a negative effect on the overall analysis. 
Based on these consideration the PARA_MN 

indicator was eliminated from the principal 
component analysis. 

Table 2. Spearman’s correlation coeficients (p < 0, 05)  

 

 
The Principal Component Analysis (PCA) of the 

dataset has pointed out that the value of the 

Kaiser-Meyer-Olkin (KMO) coefficient was 0.305, 
lower than the 0.6 limit proposed by Pallant 

(2010). Therefore, the PROX_MN indicator was 
eliminated from the dataset, based on the 

communalities which revealed that the PROX_MN 

indicator had the lowest value, of 0.208. The 
elimination of the PROX_MN indicator has resulted 

in an increase of the KMO coefficient value to 
0.608, emphasizing a strong relationship between 

the indicators included in the PCA (tabel 3). The 
independence of the data is confirmed by the sig. 0 

value, which is lower than the significance value 

required (Pallant, 2010) (Table 3). 
The PCA results showed that the first two 

components explained about 77.46 % of the 
variation in the 6 landscape metrics (Table 4). 

Table 3. KMO and Bartlett’s Test 

Kaiser-Meyer-Olkin Measure  
of Sampling Adequacy 

.608 

Bartlett's Test 

of Sphericity 

Aprox. Chi-Square 74.068 

df. 15 
Sig. .000 

 

Table 4. Total variance explained by the first two 
components 

Component PC1 PC2 

Eigenvalue 2.73 1.91 
% of Variance  45.54 31.92 

 

These components were interpreted as a composite 

of measures of shape and aggregation of similar 
objects (Table 5). The first component revealed the 

strongest correlations with CIRCLE_MN and FRAC_MN. 

Table 5. Results of principal components analysis and Varimax rotation of the first two components  

Landscape metrics Category  Rotated Component Matrix 

    PC1                            PC2 

CIRCLE_MN Shape 0.97                       -0.28   

FRAC_MN Shape 0.93                       -0.08 

IJI Aggregation 0.73                        0.44 

CONNECT Connectivity 0.36                        0.67 

CONTIG_MN Shape 0.18                       -0.84 

SPLIT Fragmentation 0.04                        0.86 

 

Possibilities of extrapolation 

The Wilcoxon paired test between the study area 

and the first test area (Table 6) revealed that there 
was no significant difference between the FRAC_MN 

(Sig. = 0.009), while for the CIRCLE_MN a statistically 
significant difference was indicated (Sig. = 530).  

The second test (Table 6) revealed that there 
was consequential change between the FRAC_MN 

(Sig. = 0.648) and the CIRCLE_MN (Sig. = 0.346). 
 

 

 

 

 

 

 CIRCLE_MN CONTIG_MN FRAC_MN PARA_MN PROX_MN CONNECT SPLIT IJI 

IJI 0.570 -0.284 0.415 0.302 0.453 0.510 0.598 1.000 

SPLIT 0.370 -0.531 0.361 0.544 0.453 0.535 1.000  

CONNECT 0.365 -0.485 0.245 0.495 0.872 1.000   

PROX_MN 0.304 -0.397 0.207 0.403 1.000    

PARA_MN -0.122 -0.999 -0.104 1.000     

FRAC_MN 0.888 0.111       

CONTIG_MN 0.135 1.000       

CIRCLE_MN 1.000        
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Table 6. Wilcoxon Test statistics 

  
FRAC_MN_Study_ar

ea - FRAC_MN_Test1 
CIRCLE_MN_Study_area 
- CIRCLE_MN_Test1 

Z -2.6 -0.629 
Sig.  0.009 0.530 
 
 

 

Table 7. Wilcoxon Test statistics 

  
FRAC_MN_Study_area - 

FRAC_MN_Test2 
CIRCLE_MN_Study_area 
– CIRCLE_MN_Test2 

Z -0.457 -0.943 
Sig. 0.648 0.346 

 
 

Discussions and Conclusions 

The current approach confirms the applicability of 
landscape metrics for delineating the spatial 

configuration of different landform types. Thus, 
based on the morphometric objects outlined through 

the segmentation process, it has been pointed out 

that only 8 of a total of 21 metrics confirmed the 
applicability for differentiating landform patterns.  

The analysis of the degree of transferability, of the 

current approach to different dune fields, has pointed 
out that the segmentation process has a great impact 

on the overall analysis (fig. 4). Due to the fact that 
the degree of transferability is strongly dependent on 

specific local conditions, the utilization of the 

proposed methodology in dune filed delineation 
within the test area is strongly affected by the fact 

that the study site comprises of several dune types 
(star dunes, transversal and barchan dunes) (Madole 

et al., 2008) while the test areas comprise mainly of 
linear dunes. Thus, it can be said that the 

methodology applied in delineating a complex dune 

field is not adequate for the delineation of linear 
dunes, therefore further analyses is still needed for 

providing a universal solution for the utilization of 
landscape metrics to differentiate landform patterns.  

 

Fig. 4: Segmentation results (grey outline) for the tested areas: A) Study area; B) Test1 and C) Test2 
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