
Appendix S1: Additional information on the selections of variables 

The seven combinations of terrain attributes that were compared were built based on results from a related 

study [1], which aimed at (1) identifying terrain attributes that represent unique terrain characteristics and (2) 

suggesting a combination of these terrain attributes that would be optimal in capturing as much of the terrain 

structure as possible (i.e. in summarizing a surface). A total of 230 terrain attributes computed from 11 different 

software packages were derived from nine different terrain surfaces. To reach the objectives, three multivariate 

statistical methods that explored both linear and non-linear relationships amongst terrain attributes were 

combined: Principal Component Analysis (PCA), Variable Inflation Factor (VIF), and Mutual Information 

(MI).  

The first statistical analysis performed on the datasets of terrain attributes for each surface was an iterative 

PCA. Before proceeding with the PCA analyses, the data were cleaned by looking at the cardinality of the 

different terrain attributes. Cardinality is the number of different values for a variable. Terrain attributes with 

low cardinality were not used as input in PCA analyses as such variables are known to complicate PCA solution 

and only account for a negligible amount of the total variance. Selection 2 was built from variables that were 

removed at this step. 

To enable generalization of results, the PCA solutions needed to reach a simple structure. A simple 

structure is reached when most components have “marker” variables, i.e. those that load strongly on only one 

component and thus contribute to explain unique variation within the dataset. Variables that load strongly on 

more than one component are called “complex” variables and are considered redundant. Selection 1 and 

Selection 4 were built from marker terrain attribute variables, while Selection 3 was built from complex 

variables. The difference between Selection 1 and Selection 4 is linked to where the terrain attribute variables 

loaded in the PCA solution. The terrain attributes from Selection 1 loaded on the first few components, which are 

the strong ones that explain greater amounts of variation in the dataset. Those from Selection 4 loaded strongly 

on further components, which account for smaller amount of variation in the dataset. 

Selection 5, Selection 6 and Selection 7 were built on the assumption that variables from Selection 1 were 

indeed optimal. Each of those selections were built from the combination of three terrain attributes from 

Selection 1 and three terrain attributes from respectively Selection 2, Selection 3 and Selection 4. 

In addition to PCA, two independent stepwise measures of covariation (VIF and MI) were used on the 

terrain attribute variables. These two measures ranked the variables from least covarying to most covarying, and 

results were used to confirm PCA results and explore the uniqueness of the variables that did not load on any 

component, had a very low amount of variance accounted for by the sum of the components, or were not 

considered in the PCA because of their low cardinality. Variables with one of these three characteristics and that 



were ranked amongst the least covarying variables were identified as potentially important and requiring further 

investigation. A particular focus was thus given to these terrain attributes when building the different selections 

(identified by a * in Table 1 of the main text).  

Table A.1: List of terrain attributes with software, algorithms and references. The ID refers to [1]. 

ID Attributes Names' in Software Software Algorithms/Methods/References 

1 Bathymetric Position Index 
ArcGIS 10.2.2 and Benthic Terrain Modeler 3.0 Release 

Candidate 3 
[2] 

2 Center versus Neighbors Variability Idrisi Selva 17.0 Not Specified 

31 Easterness ArcGis 10.2.2 and Python 2.7.8 [3] 

42 Easterness SAGA GIS 2.0.8 Maximum Slope [4] 

67 Mean ArcGis 10.2.2 and Python 2.7.8 Not Specified 

70 Mean of Residuals Landserf 2.3 Not Specified 

90 Northerness ArcGis 10.2.2 and Python 2.7.8 [3] 

101 Northerness SAGA GIS 2.0.8 Maximum Slope [4] 

111 Percentile SAGA GIS 2.0.8 Exponential [5] 

116 Plan Curvature 
ArcGis 10.2.2 and DEM Surface Tools for ArcGIS 10 

(v.2.1.399) 
[6] 

132 Plan Curvature Whitebox GAT 3.2.1 Iguazu [7] 

136 Profile Curvature 
ArcGis 10.2.2 and DEM Surface Tools for ArcGIS 10 

(v.2.1.399) 
[6] 

143 Profile Curvature SAGA GIS 2.0.8 Least Squares Fitted Plane [8,9] 

153 Profile Curvature Whitebox GAT 3.2.1 Iguazu [7] 

157 Relative deviation from mean ArcGis 10.2.2 and Python 2.7.8 Not Specified 

158 Representativeness SAGA GIS 2.0.8 [10] 

166 Slope ArcGis 10.2.2 and Python 2.7.8 [8] 

178 Slope SAGA GIS 2.0.8 Maximum Slope [4] 

188 Slope Variability ArcGis 10.2.2 and Python 2.7.8 [11] 

190 Standard Deviation ArcGis 10.2.2 and Python 2.7.8 [12] 

201 Surface Roughness Index ArcGis 10.2.2 and Python 2.7.8 [13] 

219 Total Curvature 
ArcGis 10.2.2 and DEM Surface Tools for ArcGIS 10 

(v.2.1.399) 
[6] 

221 Value Range SAGA GIS 2.0.8 Exponential [5] 

227 Vector Ruggedness Measure SAGA GIS 2.0.8 Exponential [5] 
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