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мΦ {ǳƳƳŀǊȅ ƻŦ 5ŜƭƛǾŜǊŀōƭŜ 5т 

 

This deliverable of the e-SOTER project includes methodologies for the enhanced SOTER database.  

The deliverable has the following parts: 

1. Research on improved methods for terrain analysis; 

2. Research on Remote Sensing as means to improve parent material component; 

3. Research on Remote Sensing as means to improve soil attribute data; 

4. Integration into the enhanced SOTER database. 

 

1.1 Introduction 
The initiative to create the SOTER database emerged from the need of data for improved mapping 

and monitoring of global soil resources at the reference mapping scale of 1:1M. The SOTER database 

is hierarchically structured and is composed of three levels: Terrain, Physiographic, and Soil 

components (van Engelen and Wen, 1995). Physiographic component consists of terrain information 

delineating ƳŀƧƻǊ ƭŀƴŘŦƻǊƳǎ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ combined with parent material. Terrain 

components subdivide terrain into areas characterised with distinct pattern of surface form, slope, 

meso-relief, unconsolidated vs. consolidated material, and texture of parent material. Soil 

components characterise soil according to FAO diagnostic horizons and properties.  

The SOTER database in its traditional form consists of maps and associated attribute tables which are 

not easily disseminated.  e-SOTER project aims at enhancement of methodology of delineation of the 

SOTER units, and providing a web-based service making available the database and methodology for 

download. This report describes the attempts to enhance the spatial and attribute data of the 

database, which is the task of WP3. Other work packages concentrated on assessment of the terrain 

and soil delineations (WP4), applications of e-SOTER database related to major threats to soils (WP5), 

and providing web services for dissemination of e-SOTER (WP6). e-SOTER project uses several study 

areas located in Central Europe, United Kingdom, and Morocco within which new methodologies and 

resulting database will be applied. 

WP3 composes of several tasks that investigate new techniques of delineation of terrain aspect of 

the database, and deriving the parent material and soil attribute data. New methodologies for 

delineation of physiographic units (task 3.1) are implemented to the pilot areas at the mapping scale 

of 1:250 000. Remotely sensed imagery is used to enhance the parent material component (task 3.2) 

and soil component is enhanced using ancillary data (task 3.3) of the database.  
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нΦ ¢ŀǎƪ оΦмΥ wŜǎŜŀǊŎƘ ƻƴ ƛƳǇǊƻǾŜŘ ŀƴŀƭȅǎƛǎ ƻŦ 59a Řŀǘŀ ǳǎƛƴƎ 

ƴŀǘǳǊŀƭ ōǊŜŀƪǎ 

2.1 Introduction  

Task 3.1 of WP3 aims at enhancing the methodology for delineation of physiographic units of the 

terrain level of SOTER database. It looks at alternative ways of extracting terrain features with 

improvements to the spatial position and detail of mapping as compared to the output of automated 

procedure developed in WP1. The automated procedure uses fixed search window to derive terrain 

parameters resulting in a static landform classification that does not incorporate the variable scales 

inherent within landscapes. As natural processes including soil formation occur at scales driven by 

the landscape, failure in reflecting the scale affects the accuracy of the entire SOTER database.  

The problem of misclassifications related to scale is addressed in the work of task 3.1. Task 3.1 

investigated terrain driven methods, such as slope break analysis and image segmentation, to extract 

landforms in the framework of two approaches: (1) Top-down approach, and (2) bottom-up 

approach. The final results are described in this section of the report.  

2.2 Sub-task 3.1.1: Top-down approach 
Sub-ǘŀǎƪ оΦмΦм Ψ¢ƻǇ-Řƻǿƴ ŀǇǇǊƻŀŎƘΩ ǿŀǎ ǳƴŘŜǊǘŀƪŜƴ ōȅ ǇŀǊǘƴŜǊ мр ς Cranfield University. The name 

ΨǘƻǇ-Řƻǿƴ ŀǇǇǊƻŀŎƘΩ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘŜǊǊŀƛƴ ŀƴŀƭȅǎis is performed in a sequence of extracting broad 

landscape divisions first, and subsequently subdividing them into finer classes.  

Initially, a benchmark for comparison of new methods was established for UK window area. The 

results of these approaches exemplify the problem of depicting scale when using a fixed search 

window size in landform classification. The undertaken methodologies are described in the section 

2.2.1 including investigation of scale effects determined by search window size.   

Section 2.2.2 describes the final findings of the project in terms of terrain mapping, recommending 

two methods for the integration into the enhanced SOTER database. 

2.2.1 Analysis of benchmark datasets 

Several approaches known in literature were tested within the UK window area based on 90m SRTM 

data provided by WP1.These were: (a) SOTER landform classification following the guidelines of the 

{h¢9w άŎƻƻƪ ōƻƻƪέ ό5ƻōƻǎ Ŝǘ ŀƭΦΣ нллрύ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŀǳǘƻƳŀǘŜŘ ǇǊƻŎŜŘǳǊŜ ŘŜƭƛǾŜǊŜŘ ōȅ 

WP1; (b) Hammond landform classification in modified Dikau approach (Dikau et al., 1991); and (c) 

Iwahashi landform classification (Iwahashi and Pike, 2007). Hammond landform classification was 

selected due to the fact that it was successfully used to derive physiographic map of the United 

States. Approach presented by Iwahashi and Pike was used to derive global physiographic map 

showcased within the JRC website (http://eusoils.jrc.ec.europa.eu/projects/landform/) and thus was 

considered as a valuable method in context of e-SOTER project. Reproduction of the traditional 

SOTER approach within the study area was an obvious choice for a benchmark dataset. 

http://eusoils.jrc.ec.europa.eu/projects/landform/
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2.2.1.1 SOTER landform classification 

The SOTER landform classification was first manually generated for the area of UK window based on 

ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ƻŦ ŘŜǊƛǾƛƴƎ {h¢9w ǘŜǊǊŀƛƴ ǳƴƛǘǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ά{h¢9w Ŏƻƻƪ ōƻƻƪέ ό5ƻōƻǎ Ŝǘ ŀƭΦ 

2005). Instructions were strictly followed excluding the polygon generalisation step due to 

unavailability of the algorithm. A modified approach changing the size of the search window was 

applied as well. As soon as the automated procedure for extraction of SOTER units became available, 

the procedure was applied at 1:1M and 1:5M scale. Table 1 presents comparison of major 

parameters impacting the outputs of the two approaches.  

Parameter 

SOTER landform classification approach 

Manual Automated 

Dobos et al.  
[BN13] 

Modified  
[BN14] 

E-SOTER 1:1M 
[BN15] 

E-SOTER 1:5M 
[BN16] 

Input data   

Input DTM SRTM SRTM SRTM SRTM 

DTM pre-processing 
Fill sinks up to 20m 

deep 
Mean 3x3 filter 

Fill sinks up to 
20m deep 

Fill sinks up to 
20m deep 

Radius of search window in cells   

Relief intensity 5 5 5 5 

PDD 20 5 5 5 

Output resolution   

Landform 
classification 

990m 90m 990m 990m 

 
Table 1 Comparison of main parameters of manual and automated approaches to SOTER landform 
classification. The BN13-BN16 codes are unique names given to each dataset developed during the 
work on the project. Note that datasets BN15 and BN16 are not based on the final version of the 
automated procedure provided by WP1.  
 

Results of the applied approaches to SOTER landform classification are shown in Figure 1. The detail 

and contents of each delineated class varies again with the search window size and final resolution of 

the output. 
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A) SOTER resampled to 990m resolution  

(Dobos et al.), [BN13] 

 
B) SOTER 90m resolution, [BN14] 

 
C) Result of automated procedure 1:1M, [BN15] 

 
D) Result of autoamated procedure 1:5M, [BN16] 

 
Figure 1 Results of SOTER landform classification in a sample area: A) Dobos et al. approach;  
B) Modified Dobos approach; C) Result of automated procedure 1:1M; D) Result of automated 
procedure 1:5M. Legend is given in Appendix 2 Figure 2. The BN13-BN16 codes are unique names 
given to each dataset developed during the work on the project. 

 

2.2.1.2 Hammond Landform classification ς introduction and implementation 

The Hammond Landform classification uses three terrain derivatives: slope, local relief and profile 

type to classify landform into a three level hierarchical system. The terrain derivatives are computed 

within a search window of a constant size and are subsequently classified and combined to form the 

landform classification scheme. The method was first implemented by Edwin H. Hammond for the 

area of United States based on topographic maps (Hammond, 1954, 1964a, 1964b) and was later 

adapted to make use of availability of digital elevation models and computer processing.  
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This study uses the approach introduced by Dikau et al. (1991) with some modifications as to the 

resolution of input DEM, search window size and method of classification of local relief. Regardless of 

the approach, SRTM was pre-processed by filtering with focal 3x3 mean filter and resampled to 

required resolution. A total of six variants of the method were applied: 

(1) wŜǇǊƻŘǳŎǘƛƻƴ ƻŦ 5ƛƪŀǳΩǎ ŀǇǇǊƻŀŎƘ ƻƴ ¦Y ǿƛƴŘƻǿ 

a. Exact reproduction of the approach [BN01] 

b. With modified local relief component [BN02] 

(2) Modified approach for UK window ς version 1 

a. With original local relief component [BN05] 

b. With modified local relief component [BN03] 

(3) Modified approach for UK window ς version 2 

a. With original local relief component [BN06] 

b. With modified local relief component [BN04] 

!ǇǇǊƻŀŎƘŜǎ ǊŜǇǊƻŘǳŎƛƴƎ 5ƛƪŀǳΩǎ methodology required a 200m resolution DEM and a rectangular 

search window size of side length of 9600m. Changes introduced in this study matched the resolution 

of input DEM to 90m SRTM, and used a circular search window of two sizes of diameter: 9720m and 

900m. Additionally, outputs with modified local relief component were produced using classified 

values of elevation rather than local relief. Values of class intervals for each of the components of 

classification are shown in Tables 2-4. 
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SLOPE 

Class Description 

A More than 80% of area gently sloping 

B 50 - 80% of area gently sloping 

C 20 - 50% of area gently sloping 

D Less than 20% of area gently sloping 

 
Table 2 Classification of the index of slope inclination (Dikau et al., 1991). 
 

LOCAL RELIEF 

Class Description 

1 0 - 30m (0 - 100 feet) 

2 30 - 91m (100 - 300 feet) 

3 91 - 152m (300 - 500 feet) 

4 152 - 305m (500 - 1000 feet) 

5 305 - 915m (1000 - 3000 feet) 

6 More than 915m (3000 feet) 

 
Table 3 Classification of the index of vertical dimension (Dikau et al., 1991). In modified local relief 
component class 1 was extended to make account of the minimum elevation values within the study 
area. 
 

PROFILE TYPE  

Class Description 

a More than 75% of the area in lowland 

b 50 - 75% of the area in lowland 

c 50 - 75% of the area in upland 

d More than 75% of the area in upland 

 
Table 4 Classification of index of general profile character (Dikau et al., 1991). 
 

Each approach to Hammond landform classification yielded a landform map different to one another 

in terms of spatial distribution and number of classes. Figure 2 presents landform subclass maps 

obtained with each approach on a sample area within UK window. The images shown prove that the 

shape and size of search window as well as components of classification scheme have tremendous 

effects on the shape and meaning of extracted landforms.  
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A) Hammond subclass 9600m square window,  

[BN01] 
C) Hammond subclass 9720m circular window,  

[BN05] 
E) Hammond subclass 900m circular window,  

[BN06] 

B) as above, with modified local relief, [BN02] D) as above, with modified local relief, [BN03] F) as above, with modified local relief, [BN04] 

 
Figure 2 Comparison of landform subclass maps obtained with various approaches to Hammond landform classification on a sample area showing London 
Basin and the Weald: A) Dikau approach; B) Dikau approach with modified local relief component; C) Modified approach v1; D) Modified approach v 1 with 
modified local relief component; E) Modified approach v2; F) Modified approach v2 with modified local relief component. Legend to landform subclass is 
available in Figure 1 of Appendix 2. The BN01-BN06 codes are unique names given to each dataset developed during the work on the project. 
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2.2.1.3 Iwahashi and Pike landform classification ς introduction and methodology 

Iwahashi and Pike (2006) developed an unsupervised classification scheme of landforms based on 

digital elevation data called Automated Classification of Topography (ACT). The classification uses 

three components: slope, texture and convexity. Slope is chosen as a main driver of topography and 

is calculated from 3x3 cell neighbourhood. Texture is a component depicting the occurrence of all 

ridges and valleys in the landscape. Its calculation requires running a median filter over the input 

DTM and subtracting the filtered from original DTM. Thus peaks would appear as positive and pit as 

negative values. Subsequently, number of pits and peaks is calculated within a 10 cell radius to form 

the final texture layer. Combination of slope and texture is regarded by the authors as useful for 

distinguishing between high and low relief topography and sufficient to describe the high relief 

features. Convexity is a layer that is especially useful in classification of low-relief features. It is 

obtained by application of a 3x3 Laplacian filter to a DTM that returns positive values in convex, 

negative values in concave and zero in planar areas followed by calculation of percentage of convex 

cells within a 10 cell radius.  

Slope, texture and convexity layers undergo a nested-means classification scheme that divides the 

study area into 8, 12 or 16 classes.  The scheme for classification into 8 classes starts with specifying 

whether slope value in a particular cell is greater or smaller than the mean value for the whole study 

area, followed by distinction of convexity and then texture by comparison to their mean values. 

Classification into 12 classes is performed only for the areas that are within the gentler part of the 

study area and cell values are compared to the means of slope, convexity and texture of the gentler 

part. Classification into 16 classes is performed on the gentler quarter of the study area following an 

analogical pattern.  It has to be noted that classification into 8, 12 or 16 classes does not change the 

classes in the steeper half of the study area but increases the detail of classes of the gentler half and 

quarter respectively. This also means that in classification into 16 classes, classes within the steeper 

quarter of the gentler half of the study area remain the same as in classification into 12 classes 

ACT was implemented on SRTM data of 90m resolution for UK window area. Implementation of the 

scheme was highly facilitated with an AML macro published by the authors. This allowed for 

modification of the radius of the circular search window used in computation of texture and 

convexity layers. Prior to application of classification scheme SRTM was filtered with focal 3x3 mean 

filter. Although authors recommend masking water bodies out within the DTM, this step was omitted 

as water bodies (lakes) take up only a small fraction of the area and their size rarely exceeds two grid 

cells. Automated classification of topography was run with settings shown in Table 5. The 

classification outputs were filtered with 3x3 focal majority filter to remove salt and pepper effect. 

Results of Iwahashi approach for two selected window sizes are shown in Figure 3.  

Output Radius of search window [No of cells] 

8 classes 12 classes 16 classes Texture Convexity 

BN17 BN18 BN19 5 5 

BN07 BN08 BN09 10 10 

BN20 BN21 BN22 24 24 

BN10 BN11 BN12 54 54 

Table 5 An overview of settings for the Iwahashi and Pike approach. The BN07-BN22 codes are 
unique names given to each dataset developed during the work on the project. 
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A) 8 classes, [BN10] 

 

 
B) 12 classes, [BN11] 

 
C) 16 classes, [BN12] 

 

 
 
D) Color schemes applied to represent particular 
classes 
 

 
Figure 3 Results of Iwahashi and Pike landform classification for search window of 9720m in 
diameter: A) Result for 8 classes; B) result for 12 classes; C) Result for 16 classes, D) Color schemes 
applied to represent the classification outputs. For the meaning of classes refer to Iwahashi and Pike 
(2006). The BN10-BN12 codes are unique names given to each dataset developed during the work on 
the project. 
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2.2.1.4 Investigation of scale expressed as search window size 

2.2.1.4.1 Introduction 

Different landforms can be considered at various spatial scales, depending on the scale of interest 

(local, regional, national) and processes that influenced landscape formation. Landform classification 

methods are based on the generation of various indices from elevation data which are usually 

derived from Digital Elevation Models (DEMs). We expect that scale will affect the relationship 

between these indices and ensuing classification.  

There are two ways in which scale could be incorporated into the computation of these indices. One 

is modification of the grid size by up-scaling or down-scaling the original resolution of the DEM, 

second is performing calculations within a search window with its dimensions set to reflect the scale 

at which modelled processes occur. The impact of resolution change on DEM derived indices is well 

researched (Zhu et al. 2008), however, there is still little known on the effects of search window size 

on the final classification and possible interactions between both spatial resolution and search 

window size.  

The research on this topic is will be continued in the future; nevertheless, preliminary methods and 

results are shown in the following sections of this report. 

2.2.1.4.2 Methodology 

The effect of search window size was investigated with two approaches. In the first approach, 

Hammond landform classification was derived using 17 search window sizes ranging from 360m to 

18km in diameter to calculate components of the classification scheme. Refer to section 2.2.1.1 for 

detailed methodology of Hammond landform classification. In the second approach, statistics for 

terrain indices frequently used in landform classification schemes including slope mean, slope range, 

elevation mean, elevation range, and maximum elevation were derived from SRTM for investigated 

search windows. Subsequently, all layers were sampled with points at regular grid intervals of 270m 

and used in statistical analysis. Statistical analysis included K-means clustering of the sampled values 

with the aim of obtaining groups reflecting distribution of landforms. 

2.2.1.4.3 Analysis of the results 

Figure 4 pictures the impact of changing search window size on the meaning of derived landform 

classification. Very small search windows (like 900m in diameter) fail to distinguish between various 

landform classes, resulting in classification of prevailing part of the area as flat or nearly flat plains. 

This is due to the fact that very small search window is not capable of depicting change within the 

topography of the landscape. Conversely, very big search windows (like 18000m) tend to have an 

averaging effect on the classification result, removing variability depicted by medium search 

windows (like 7200m). Very small search windows tend to underestimate the actual relief and very 

large search windows overestimate the relief of flat areas. 
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search window diameter: 900m 

 

 
search window diameter: 7200m 

 
search window diameter: 18000m 

Figure 4 The effect of various search window sizes used to compute landform classification 

components. 
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Figure 5 Results of K-means clustering of terrain descriptors calculated within various search window 

sizes. Upper image shows the distribution of 8 clusters within the study area, lower image presents 

the graph of centroid means for each variable used in the clustering.  Key to abbreviations used in 

the graph is as follows:  SM ς slope mean, SR ς slope range, ER ς elevation range, EMAX ς maximum 

elevation, EM ς elevation mean. Colours used in the graph are equivalent to colours of cluster map 

in the upper image.  
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The results of statistical analysis are shown in Figure 5. The figure presents a map of 8 clusters 

obtained from K-means clustering of all input variables, and the graph displaying normalised means 

of input variables for each cluster. The map proves that the clustering algorithm is capable of 

depicting spatial patterns inherent within the study area. The shape of obtained delineations may act 

as indication of success in depicting scale inherent in the landforms. Areas of circular shape having an 

artificial character indicate that the scale of the landform has not been well represented by the size 

of search window. Areas having an outline of natural shape are indication that the scale of the 

landform was detected.  For example, cluster 8 has very natural boundaries in the Weald region 

marked in the figure as outline 1; however in the area depicted in outline 2 its boundaries look 

artificial. This indicates that cluster 8 provides good representation of landforms encapsulated by 

outline 1, but fails to recognise the patters correctly in area within outline 2. 

Analysis of normalised cluster means for each variable and search window size helps to identify 

optimal search window sizes for given clusters. Looking at each variable separately, it is evident that 

the value of normalised means increases with increasing search window size. Break points in lines 

formed by observations are present. This indicates that there are certain search window sizes for 

which a significant change in values of given variables occurs, having the implication that those 

particular search windows should be used in terrain analysis. The fact that there is always more than 

one break point means that multiple scales exist within the landscape.  

2.2.1.4.4 Conclusions 

Investigations into the effect of search window size on the landform classification result lead to a 

conclusion that scale expressed as window size has considerable impact on the landform 

classification. Small search windows tend to underestimate high relief topography, whereas large 

search windows exaggerate the topography of flatter areas. As scale of landforms changes in space, 

there may not be a single optimum scale at which all landforms within a study area are represented, 

but there may be different optima for different local areas. Further research will focus on varying the 

window size regionally according to observed scale effects in the indices.  
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2.2.1.5 Conclusions to the benchmark datasets 

The analysis of benchmark datasets shows a variety of landform maps, differing with number, shape, 

and spatial distribution of landform classes even within a single classification scheme. Table 6 

provides a summary of the methods used in their generation. A fixed search window size used for 

calculation of terrain attributes was proven to play an important role in spatial definition of landform 

divisions.  Statistical assessment of obtained delineations is described in Section 2.2.2.3 of this 

report, allowing for making final conclusions as to usability of obtained landform maps as the terrain 

component in SOTER database.  

CODE Description 

BN01 
Hammond landform classification based on the SRTM resampled to 200m resolution. Square 
9600x9600m search window was used to extract classification components. 

BN02 BN01 modified by application of local relief classes to elevation rather than elevation range. 

BN03 BN05 modified by application of local relief classes to elevation rather than elevation range. 

BN05 
Hammond landform classification based on 90m SRTM. Circular search window with 9720m diameter 
was used to extract classification components. 

BN04 BN06 modified by application of local relief classes to elevation rather than elevation range. 

BN06 
Hammond landform classification based on 90m SRTM. Circular search window with 900m diameter 
was used to extract classification components. 

BN07 
Iwahashi and Pike approach run with the original settings of the ACT script. Texture and convexity 
parameters were extracted within the 10 grid cell radius, totalling to 1800m in diameter. 

BN08 

BN09 

BN10 
Iwahashi and Pike approach run with the modified settings of the ACT script. Texture and convexity 
parameters were extracted within the 54 grid cell radius, totalling to 9720m in diameter. 

BN11 

BN12 

BN13 
Manual approach to the SOTER landform classification as ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ Ψ{h¢9w Ŏƻƻƪ ōƻƻƪΩΦ wŀŘƛǳǎ ƻŦ 
search window for calculation of relief intensity ς 5 grid cells, for PDD 20 grid cells. Each intermediary 
layer downgraded to 990m resolution. 

BN14 
Modified manual approach the SOTER landform classification ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ Ψ{h¢9w Ŏƻƻƪ ōƻƻƪΩΦ 
Radius of search window for calculation of relief intensity ς 5 grid cells, for PDD 5 grid cells. The spatial 
resolution of the intermediary layers and final out is 90m. 

BN15 Automated approach (not the final version) 

BN16 Automated approach (not the final version) 

BN17 
Iwahashi and Pike approach run with the modified settings of the ACT script. Texture and convexity 
parameters were extracted within the 5 grid cell radius, totalling to 900m in diameter. 

BN18 

BN19 

BN20 
Iwahashi and Pike approach run with the modified settings of the ACT script. Texture and convexity 
parameters were extracted within the 24 grid cell radius, totalling to 4320m in diameter. 

BN21 

BN22 

 
Table 6 Landform benchmark datasets derived within the work on the e-SOTER project. 
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2.2.2 New methods of terrain analysis 

This section presents investigations of new methods of terrain analysis according to the ΨǘƻǇ-ŘƻǿƴΩ 

approach. At first, broad scale terrain delineations are obtained that represent regional delineations 

of landform. Those delineations are further decomposed to obtain local scale terrain divisions that 

are equivalent to 1:250 000 mapping scale. Two techniques of landscape segmentation were 

investigated: (1) extracting physical entities, and (2) extracting of homogenous objects from Digital 

Elevation Model (SRTM). 

2.2.2.1 Description of objects used in landform classification approaches  

2.2.2.1.1 Physical entities  

Physical entities are constituted by peak sheds and slope breaks obtained from hill shed and hill slope 

analyses introduced by Bob MacMillan. Bob MacMillan designed a software programme called 

LandMapR (MacMillan, 2003) and several Microsoft Fox Pro scripts that generate polygonal 

delineations of peak sheds and up to six slope breaks. Examples of peak sheds and slope breaks are 

shown in Figure 7. Physical entities were generated for all four 1:250k study areas researched in the 

project: UK window, Chemnitz sheet, Hungarian pilot, and Moroccan pilot. 

 

 

Figure 7 Examples of physical entities used as the basis for landform classification. The left hand side 
image shows global peak sheds and the right hand side image ς global peak sheds intersected with 
slope break layer providing six breaks in slope. The slope break layer was generalised to 1:50k scale 
mapping. 

Both peak sheds and slope breaks were considered useful in landform classification approaches due 

to their direct link to actual topography of the landscape. Peak sheds provide coarse landscape 

divisions suitable for small-scale mapping, which can be refined with the incorporation of the slope 

break layer. Both types of the entities were derived by means of analysis of water flow in inverted 

and not-inverted DEM, thus acquiring a physical aspect to their delineations.  
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2.2.2.1.2 Homogenous objects 

Homogenous objects were delineated in cooperation with Dr Lucian Dragut from Salzburg University. 

eCognition software was used to segment elevation values provided as 90m SRTM into objects 

nested into three spatial scales using the ESP tool (Dragut et al, 2010). Segmentation procedure is 

described in (Dragut and Eisank, 2011). Homogenous objects were generated for the UK window only 

(Figure 8). 

 

 

 

Level 1 Level 2 Level 3 

Figure 8 Homogenous objects generated in eCognition software using Estimate Scale Parameter (ESP) 
tool. Three various levels of complexity are shown for an extract and the entire UK window.  
The approximate location of the close-up is marked by the red box. 

The value of homogenous objects is found in the uniform character of their contents given a 

particular scale of the landscape. Larger objects will contain more variable landform patters than the 

smaller objects; however, the internal variability will be always smaller than the external variability. 

This is particularly useful in hierarchical landform classification systems, such as resulting from the 

Ψ¢ƻǇ-ŘƻǿƴΩ ŀǇǇǊƻŀŎƘΦ 
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2.2.2.2 Methodology of landform classification 

Physical entities of both types ς peak sheds and several versions of slope breaks ς as well as the 

homogenous objects were used in various combinations to generate terrain maps equivalent to the 

terrain component in SOTER database. It has to be noted here that combinations between physical 

entities and homogenous objects were not used, however, peak sheds or intersections of slope 

breaks with peak sheds were investigated. The overall scheme of the applied methodologies is shown 

in Figure 9.  

 

Figure 9 A flow chart showing an overview of the landform classification methodology applied in 
terrain classifications based on physical entities and homogenous objects. 

 

The first step in the methodology was to attribute the objects with basic statistics of elevation and 

slope derived from the 90m SRTM. In the case of the physical entities the basic statistics included 

minimum, maximum, mean, and range of values of elevation and slope. For the homogenous objects 

these were mean, range, 1st and 99th percentile of elevation, and mean, 1st and 99th percentile of 

slope. In the second step, the highest hierarchical level of landforms was extracted, which typically 

constituted a ŘƛǎǘƛƴŎǘƛƻƴ ƻŦ άƭƻǿέ ŀƴŘ άƘƛƎƘέ ŀǊŜŀǎΦ ¢Ƙƛǎ ǿŀǎ ōŀǎŜŘ ŜƛǘƘŜǊ ƻƴ ŀƴ ŜƭŜǾŀǘƛƻƴ ǘƘǊŜǎƘƻƭŘ 

for all four study areas, or each study area separately, or was based on the result of K-means 

clustering into two clusters. In the third step, lower level landforms were extracted by independent 

clustering of objects within higher levels of landform delineations. In the final step, clusters maps 

were post-processed by elimination of very small polygons and application of Hammond landform 

classification scheme. The final ƻǳǘǇǳǘǎ ǿŜǊŜ ǎƳƻƻǘƘŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜƳƻǾŜ ǘƘŜ άǊŀǎǘŜǊƛǎŀǘƛƻƴέ ƻŦ 

boundaries inherited from the input SRTM layer. Tables 7 and 8 list the obtained outputs along with 

summary of the extraction method. 
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CODE Description 

PE01 
Based on peak sheds intersected with slope breaks (Line A of slope break extraction), with small polygons eliminated with line 1 of 
post-processing. Characterised with minimum, maximum, mean, and range values of elevation and slope. K-means clustering on 
all four study areas simultaneously. V-fold cross-validation option applied to determine the optimal number of clusters. 

PE02 

Based on peak sheds intersected with slope breaks (Line A of slope break extraction), with small polygons eliminated with line 1 of 
post-processing. Characterised with minimum, maximum, mean, and range values of elevation and slope. The datasets for all four 
ǎǘǳŘȅ ŀǊŜŀǎ ŘƛǾƛŘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŜŘƛŀƴ ǾŀƭǳŜ ƻŦ ŜƭŜǾŀǘƛƻƴ ƳŜŀƴ όмллƳύ ǿƛǘƘƛƴ ŜŀŎƘ ǇƻƭȅƎƻƴ ǘƻ ŦƻǊƳ άƭƻǿέ ŀƴŘ άƘƛƎƘέ 
distinct areas. V-fold cross-validation ŎƭǳǎǘŜǊƛƴƎ ǇŜǊŦƻǊƳŜŘ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ǿƛǘƘƛƴ άƭƻǿέ ŀƴŘ άƘƛƎƘέ ǇŀǊǘǎ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ 

PE03 

Based on peak sheds intersected with slope breaks (Line A of slope break extraction), with small polygons eliminated with line 1 of 
post-processing. Characterised with minimum, maximum, mean, and range values of elevation and slope. Each study area divided 
ƛƴǘƻ άƭƻǿέ ŀƴŘ άƘƛƎƘέ ǇŀǊǘ ǳǎƛƴƎ ƳŜŘƛŀƴ ǾŀƭǳŜ ƻŦ ŜƭŜǾŀǘƛƻƴ ƳŜŀƴ ŦƻǊ ŜŀŎƘ ǎǘǳŘȅ ŀǊŜŀ ǎŜǇŀǊŀǘŜƭȅΦ ¢ƘŜǎŜ ǿŜǊŜΥ ссΦтуƳ ŦƻǊ ǘƘŜ ¦Y 
window, 470.95m for the Moroccan pilot, 122.45m for Hungarian pilot, 443.47m for Chemnitz pilot. K-means with V-fold cross-
ǾŀƭƛŘŀǘƛƻƴ ŀƭƎƻǊƛǘƘƳ ǿŀǎ ŀǇǇƭƛŜŘ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ǿƛǘƘƛƴ άƭƻǿέ ŀƴŘ άƘƛƎƘέ ǇŀǊǘ ƻŦ ŜŀŎƘ ǎǘǳŘȅ ŀǊŜŀΦ 

PE04 

Based on peak sheds intersected with slope breaks (Line A of slope break extraction), with small polygons eliminated with line 1 of 
post-processing. Characterised with minimum, maximum, mean, and range values of elevation and slope. The distinction between 
άƭƻǿέ ŀƴŘ άƘƛƎƘέ ǇŀǊǘǎ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀǎ ǿŀǎ ƻōǘŀƛƴŜŘ ōȅ ŎƭǳǎǘŜǊƛƴƎ ƛƴǘƻ н ŎƭǳǎǘŜǊǎ ŦƛǊǎǘ ǎŜǇŀǊŀǘŜƭȅ ǿƛǘƘƛƴ ŜŀŎƘ ǎǘǳŘȅ ŀǊŜŀΦ 
Subsequently, V-fold cross-validation algorithm was independently applied on each part of each study area.   

PE05 
Based on PE04 output with Hammond landform classification legend applied, represents the landform subclass. Polygons smaller 
than 156.25ha eliminated into neighbouring polygons. 

PE11 
Based on PE04 output with Hammond landform classification legend applied, represents the landform class. Polygons smaller than 
156.25ha eliminated into neighbouring polygons. 

PE18 
Based on PE04 output with Hammond landform classification legend applied, represents the landform type. Polygons smaller than 
156.25ha eliminated into neighbouring polygons. 

PE06 
Based on PE04 output with Hammond landform classification legend applied, represents the landform subclass. Polygons smaller 
than 156.25ha eliminated into neighbouring polygons. Slope break layer obtained with Line B of slope break extraction 
superimposed on the PE05 output.  

PE17 Slope break layer obtained with the line B of slope breaks extraction, generalised to 1:250k scale. 

PE07 

Based on peak sheds intersected with slope breaks (Line A of slope break extraction), with small polygons eliminated with line 1 of 
post-processing. Characterised with minimum, maximum, mean, and range values of elevation and slope. The datasets for three 
study areas (UK window, Chemnitz sheet, and Hungarian pilot) divided according to the median value of elevation mean (99m) 
ǿƛǘƘƛƴ ŜŀŎƘ ǇƻƭȅƎƻƴ ǘƻ ŦƻǊƳ άƭƻǿέ ŀƴŘ άƘƛƎƘέ ŘƛǎǘƛƴŎǘ ŀǊŜŀǎΦ ±-fold cross-validation clustering performed independently within 
άƭƻǿέ ŀƴŘ άƘƛƎƘέ ǇŀǊǘǎ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ 

PE08 

Based on peak shed polygons generalised to 1:250,000 scale by elimination of polygons of area <=156 ha (line 2 of peak sheds 
post-processing).  Characterised with mean, minimum, maximum, and range of values of elevation and slope. The distinction 
ōŜǘǿŜŜƴ άƭƻǿέ ŀƴŘ άƘƛƎƘέ ǇŀǊǘǎ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀǎ ǿŀǎ ƻōǘŀƛƴŜŘ ōȅ ŎƭǳǎǘŜǊƛƴƎ ƛƴǘƻ н Ŏƭǳǎǘers first separately within each study 
area. Subsequently, V-fold cross-validation algorithm was independently applied on each part of each study area.   

PE09 
Based on PE08 output with Hammond landform classification legend applied and generalised to ƳŀǘŎƘ ǘƘŜ ΨIŀƳƳƻƴŘΩ ǎŎŀƭŜΦ 
Slope break layer obtained with the line B of slope breaks extraction and generalised to 1:250k scale mapping superimposed on 
landform subclass.  

PE10 
Based on PE08 output with Hammond landform classification legend applied and ƎŜƴŜǊŀƭƛǎŜŘ ǘƻ ƳŀǘŎƘ ǘƘŜ ΨIŀƳƳƻƴŘΩ ǎŎŀƭŜΦ 
Represents landform class and subclass ς which in the case of this output are equivalent. 

PE12 
Based on PE08 output with Hammond landform classification legend applied and generalised to match 1:1Mscale. Slope break 
layer obtained with the line B of slope breaks extraction and generalised to 1:250k scale mapping superimposed on landform 
subclass. 

PE13 Based on PE08 output with Hammond landform classification legend applied and generalised to match 1:1Mscale. 

PE14 
Based on peak sheds with small polygons eliminated (line 1 of post-processing), characterised with min, max, mean, and range of 
elevation and slope, clustered with Chebychev distances and v-fold cross-validation. Not post-processed. 

PE15 
Based on peak sheds with small polygons eliminated (line 1 of post-processing), characterised with maximum, range, first and 50th 
quantile of elevation and slope. K-means clustering performed with Chebychev distances and v-fold cross-validation. Not post-
processed. 

PE16 
Based on peak sheds intersected with slope breaks (Line A of slope break processing) with small polygons eliminated (line 1 of 
post-processing), characterised with min, max, mean, and range of elevation and slope, clustered with Chebychev distances and 
v-fold cross-validation. Not post-processed. 

 
Table 7 List of landform maps based on physical entities. ά[ƛƴŜ !έ ƻŦ ǎƭƻǇŜ ōǊŜŀƪ ŜȄǘǊŀŎǘƛƻƴ ŘŜƴƻǘŜǎ ŀ 
ƳŜǘƘƻŘ ǊŜǎǳƭǘƛƴƎ ƛƴ ǎƛȄ ƳŀƧƻǊ ǎƭƻǇŜ ōǊŜŀƪǎΣ άƭƛƴŜ .έ ς ŀ ǊŜŎƭŀǎǎƛŦƛŜŘ ƻǳǘǇǳǘ ƻŦ άƭƛƴŜ !έ ƛƴǘƻ ŦƻǳǊ ƻǊ 
ǘƘǊŜŜ ƳŀƧƻǊ ǎƭƻǇŜ ōǊŜŀƪǎΦ ά[ƛƴŜ мέ ƻŦ ǇƻƭȅƎƻƴ Ǉƻǎǘ-processing denotes elimination of polygons 
smaller than 1л ƎǊƛŘ ŎŜƭƭǎΣ ŀƴŘ άƭƛƴŜ нέ ς smaller than 156.25ha (Minimum legible area for 1:250k 
mapping) into the neighbouring polygons. 
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CODE Description 

HO01 

.ŀǎŜŘ ƻƴ ƘƻƳƻƎŜƴƻǳǎ ƻōƧŜŎǘǎΦ ά[ƻǿέ ς άƘƛƎƘέ ŘƛǎǘƛƴŎǘƛƻƴ ǇǊƻǾƛŘŜŘ ōȅ ƳŜŀƴ ŜƭŜǾŀǘƛƻƴ ǾŀƭǳŜ 
within objects level 1. Independent K-ƳŜŀƴǎ ŎƭǳǎǘŜǊƛƴƎ ǿƛǘƘƛƴ άƭƻǿέ ŀƴŘ άƘƛƎƘέ ōŀǎŜŘ ƻƴ 
objects level 2 characterised with mean, range, 1st and 99th percentile of elevation, and 
mean, 1st and 99th percentile of slope. No generalisation or smoothing applied. 

HO02 
Based on HO01. Independent K-means clustering within each cluster of HO01 based on level 
3 objects attributed with mean, range, 1st and 99th percentile of elevation, and mean, 1st and 
99th percentile of slope. No generalisation or smoothing applied. 

HO03 Based on HO01 with Hammond landform classification legend applied. Generalised to 
άIŀƳƳƻƴŘέ ƳŀǇǇƛƴƎ ǎŎŀƭŜ ŀƴŘ ǎƳƻƻǘƘŜŘΦ Particular layers are equivalent to landform 
subclass, class and type in the Hammond classification scheme. 

HO06 

HO09 

HO04 Based on HO01 with Hammond landform classification legend applied. Generalised to 1:1 
000,000 mapping scale and smoothed. Particular layers are equivalent to landform subclass, 
class and type in the Hammond classification scheme. 

HO07 

HO10 

HO05 Based on HO01 with Hammond landform classification legend applied. Smoothed, not 
generalised. Particular layers are equivalent to landform type, class and subclass in the 
Hammond classification scheme. 

HO08 

HO11 

 
Table 8 List of landform datasets based on homogenous objects. 
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2.2.2.3 Assessment of landform classification outputs 

2.2.2.3.1 Introduction to assessment of landform classification outputs 

Landform classification dataset obtained for the UK window including benchmark datasets as well as 

datasets based on homogenous objects and physical entities where assessed with two different 

methods. Both methods compared the landform maps to άǾŀƭƛŘŀǘƛƻƴ ŘŀǘŀǎŜǘǎέ constituted by various 

soil, soilscape, and landscape maps. The list and short descriptions of each validation dataset is 

provided in Table 9. Figure 10 shows the overview images of each dataset. 

Dataset name 
Number 

of 
classes 

Code Description 

FAO soil map 22 VL01 FAO soil map at the scale of 1:25M. 

National Character 
Areas 

106 VL02 
Created by Natural England and English 
Heritage in 2005, scale unknown, 1:5M-
1:10M assumed. 

NATMAP 255 VL03 Soil associations map at the scale of 1:250k. 

NATMAP soilscape 27 VL04 Generalisation of NATMAP, 1:250k scale. 

RCP regions 76 VL05 
Expert derived soilscapes based on NATMAP, 
scale unknown, 1:5M ς 1:10M assumed. 

SGDBE SOIL 33 VL07 

SOIL field from SGDBE dataset described as 
ǘƘŜ άFull soil code of the STU from the 1974 
(modified CEC 1985) FAO-UNESCO Soil 
[ŜƎŜƴŘέ ƛƴ ǘƘŜ ƳŜǘŀŘŀǘŀ ŦƛƭŜǎΣ ǎŎŀƭŜ мΥмaΦ 

SGDBE WRB_FULL 24 VL08 

WRB_FULL field from SGDBE dataset 
described as the άCǳƭƭ ǎƻƛƭ ŎƻŘŜ ƻŦ ǘƘŜ {¢¦ 
from the World Reference Base (WRB) for 
{ƻƛƭ wŜǎƻǳǊŎŜǎέ ƛƴ ǘƘŜ ƳŜǘŀŘŀǘŀ ŦƛƭŜǎΣ ǎŎŀƭŜ 
1:1M. 

Table 9 Validation datasets used in the assessment of landform datasets obtained within the work on 
the Task 3.1.1. Full descriptions of selected datasets are available in Annex I. 

 

¢ƘŜ ŦƛǊǎǘ ŀǎǎŜǎǎƳŜƴǘ ƳŜǘƘƻŘ ƳŀŘŜ ǳǎŜ ƻŦ ǘƘŜ /ǊŀƳŜǊΩǎ ± ǎǘŀǘƛǎǘƛŎ ǿƘƛŎƘ ǇǊƻvides a method for 

comparison of maps of the same area that differ in terms of spatial distribution, size, number, and 

ƳŜŀƴƛƴƎ όǘƘŜ ƭŜƎŜƴŘύ ƻŦ ǘƘŜ ƳŀǇǇƛƴƎ ǳƴƛǘǎ όwŜŜǎΣ нллуύΦ /ǊŀƳŜǊΩǎ ± ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ Formula 1. 

/ǊŀƳŜǊΩǎ ± ŎŀƭŎǳƭŀǘƛƻƴǎ ǿŜǊŜ ōŀǎŜŘ ƻn the area of polygons created by intersection of pairs of 

datasets. 

Formula 1       

 

Oij = observed value  

Eij = expected value in ith row and jth column 
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Figure 10 Overview images of validation datasets. Note that in case of the SGDBE, the SMU field was 
mapped in order to show the possible delineations provided by the database. The mapping scales of 
the maps are shown where known and the number of classes is given in the brackets. 

 

The second assessment method aimed at the analysis of the predictive power of landform datasets 

created during the work on the project in terms of mapping of validation datasets. The selected 

inference engine was Bayesian Belief Networks. Two types of results were of interests here:  

όмύ ΨǎŜƴǎƛǘƛǾƛǘȅ ǘƻ ŦƛƴŘƛƴƎǎΩ ƭƛǎǘǎ ǘƘŀǘ ƻǊŘŜǊ ŀƭƭ ƛƴǇǳǘ ǾŀǊƛŀōƭŜǎ ƛƴ ŀ ŘŜŎǊŜŀǎƛƴƎ ƻǊŘŜǊ ƻŦ ƛƳǇƻǊǘŀƴŎŜ ƛƴ 

the prediction based on the value of reduction in entropy, and (2) error rate based on internal 

ǾŀƭƛŘŀǘƛƻƴ ƻŦ ǘƘŜ ƳƻŘŜƭΩǎ ŦƛƴŘƛƴƎǎΦ  

Modelling was based on a point observation basis. The study area was sub-sampled with points 

located at a regular distance away of 540m and attributed with classes of validation and landform 

datasets. Any non-soil classes and no data values were excluded from the analysis. 
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2.2.2.3.2 Results of assessment of landform datasets. 
 
The run of Bayesian Belief Networks (Table 10) produced two types of results (Table 10):  

the accuracy of prediction of a validation dataset and the list of importance of input variables.  

The accuracy of the predictions was the highest for the very coarse validation datasets and the 

lowest for the 1:250,000 scale datasets. Such results were not unexpected as the majority of  

the input datasets represented rather coarse delineations of the landforms. The accuracy figures 

ranged from just over 18% for NATMAP and 41% for the Landscape Character Areas, which may be 

considered as low. It has to be noted though that the predictions were based only on landform 

datasets which were substituting the N factor ς position in the landscape ς of the SCORPAN model. 

Other SCORPAN factors such as soil, climate, organisms, relief, parent material or age where not 

included in the analysis.  

 

In terms of the importance of layers used to predict the NATMAP dataset, the dataset HO02 was 

indicated as the most important. It was followed by other homogenous objects based landform 

delineations. Benchmark datasets derived with the Hammond methodology with modified search 

window shapes and the relief component were placed relatively high in this list as well.  

 

Validation 
dataset 

FAO SOIL LCA NATMAP 
NATMAP 

SOILSCAPES 
RCP regions SGDBE SOIL SGDBE WRB FULL 

ID 
Accuracy 
33.13 % 

Accuracy 
41.47 % 

Accuracy 
18.39 % 

Accuracy 
20.4 % 

Accuracy 
39.78 % 

Accuracy 
23.96 % 

Accuracy 
24.17 % 

1 HO03 HO03 HO02 HO02 HO03 HO04 HO04 

2 HO04 HO04 HO03 HO05 HO05 HO05 HO05 

3 HO05 HO05 HO05 HO04 HO04 HO03 HO03 

4 HO02 HO02 HO04 HO03 HO02 HO02 HO02 

5 HO01 BN05 BN03 BN14 BN05 BN05 BN05 

6 BN05 HO01 BN05 PE03 HO01 BN03 BN03 

7 BN13 BN03 HO01 BN03 BN03 BN13 HO01 

8 BN03 BN13 BN13 PE06 HO06 HO01 BN13 

9 HO06 HO07 HO06 BN13 BN13 BN11 HO06 

10 HO07 HO08 HO08 HO01 HO07 HO06 HO08 

11 HO08 HO06 HO07 BN05 HO08 HO07 HO07 

12 PE09 PE08 PE03 PE04 PE08 HO08 BN12 

13 PE08 PE03 PE04 PE07 PE04 PE06 PE06 

14 BN01 PE04 PE06 BN04 PE03 PE03 PE03 

15 PE10 PE09 BN14 PE02 PE09 PE04 PE04 

 
Table 10 Sensitivity to findings list obtained for landform datasets used to predict validation datasets 
with Bayesian Belief Networks models. Code fields contain unique name for each dataset. BN stands 
for benchmark dataset, HO ς for dataset based on homogenous objects, and PE ς based on physical 
entities. The table shows the first 15 out of 43 tested datasets listed in order of importance in 
prediction of validation datasets.  
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Dataset name 
Number 

of 
classes 

  22 106 255 27 76 33 24 

Code VL01 VL02 VL03 VL04 VL05 VL07 VL08 

Validation datasets 

22 VL01   0.6888 0.5899 0.3136 0.6764 0.4199 0.3887 

106 VL02 0.6888   0.4759 0.4015 0.6823 0.5099 0.5396 

255 VL03 0.5899 0.4759   0.9998 0.5593 0.5704 0.6034 

27 VL04 0.3136 0.4015 0.9998   0.4343 0.4315 0.4272 

76 VL05 0.6764 0.6823 0.5593 0.4343   0.5083 0.5357 

33 VL07 0.4199 0.5099 0.5704 0.4315 0.5083   1.0000 

24 VL08 0.3887 0.5396 0.6034 0.4272 0.5357 1.0000   

Datasets based on physical 
entities 

6 PE01 0.3163 0.4697 0.4942 0.3631 0.4447 0.3548 0.3440 

11 PE02 0.2861 0.4368 0.4422 0.3241 0.4098 0.3235 0.3112 

12 PE03 0.2887 0.4472 0.4275 0.3085 0.4167 0.3151 0.3011 

11 PE04 0.3172 0.4791 0.4588 0.3226 0.4506 0.3359 0.3216 

7 PE05 0.3918 0.5725 0.5504 0.4067 0.5425 0.4213 0.4057 

21 PE06 0.2298 0.3423 0.4780 0.2361 0.3235 0.2456 0.2357 

12 PE07 0.3175 0.4458 0.4747 0.3615 0.4383 0.3459 0.3015 

9 PE08 0.3582 0.5509 0.4757 0.3146 0.4974 0.3473 0.3319 

21 PE09 0.2792 0.4055 0.3925 0.2603 0.3781 0.2704 0.2613 

5 PE10 0.5073 0.7245 0.6392 0.4403 0.6748 0.4781 0.4628 

Datasets based on 
homogenous objects 

8 HO01 0.4609 0.6866 0.6273 0.4159 0.6431 0.4617 0.4367 

36 HO02 0.3217 0.4098 0.3874 0.2747 0.3698 0.2671 0.2932 

21 HO03 0.3303 0.5852 0.4780 0.2970 0.5043 0.3188 0.3000 

Benchmark datasets 

10 BN01 0.3563 0.5362 0.4835 0.3435 0.5005 0.3704 0.3530 

15 BN02 0.2573 0.4098 0.4100 0.2821 0.3875 0.2844 0.2762 

55 BN03 0.2691 0.2782 0.2824 0.2413 0.2589 0.2305 0.2576 

78 BN04 0.2116 0.1717 0.1897 0.2168 0.1622 0.1845 0.2090 

40 BN05 0.2740 0.3299 0.3083 0.2392 0.3022 0.2406 0.2648 

48 BN06 0.1197 0.1267 0.1548 0.1371 0.1181 0.1163 0.1313 

8 BN07 0.1799 0.2734 0.3135 0.2066 0.2614 0.2148 0.2062 

12 BN08 0.1697 0.2517 0.2904 0.2040 0.2423 0.2030 0.1955 

16 BN09 0.1683 0.2413 0.2776 0.2055 0.2350 0.2014 0.1939 

8 BN10 0.2818 0.4341 0.4155 0.2422 0.4122 0.3009 0.2827 

12 BN11 0.2469 0.3761 0.3721 0.2337 0.3587 0.2683 0.2531 

16 BN12 0.2316 0.3458 0.3491 0.2313 0.3325 0.2543 0.2404 

55 BN13 0.2763 0.2865 0.2595 0.2313 0.2541 0.2372 0.2614 

119 BN14 0.2271 0.1557 0.1589 0.2400 0.1732 0.2044 0.2307 

 
Table 11 wŜǎǳƭǘǎ ƻŦ ŎŀƭŎǳƭŀǘƛƻƴǎ ƻŦ /ǊŀƳŜǊΩǎ ± ǎǘŀǘƛǎǘƛŎ ōŜǘǿŜŜƴ ǾŀƭƛŘŀǘƛƻƴ ŘŀǘŀǎŜǘǎ ŀƴŘ ƭŀƴŘŦƻǊƳ 
datasets.  
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The analysis of CrŀƳŜǊΩǎ ± ǊŜǎǳƭǘǎ ό¢ŀōƭŜ ммύ ŎƻƳǇŀǊƛƴƎ ƭŀƴŘŦƻǊƳ ŘŀǘŀǎŜǘǎ ǘƻ NATMAP showed that 

ǘƘŜ ƘƻƳƻƎŜƴƻǳǎ ƻōƧŜŎǘǎ ōŀǎŜŘ ŘŀǘŀǎŜǘ Ihлн ǊŜŎŜƛǾŜŘ ŀ ƭƻǿŜǊ ǾŀƭǳŜ ƻŦ /ǊŀƳŜǊΩǎ ± ǎǘŀǘƛǎǘƛŎ ǘƘŀƴ ŀƴȅ 

dataset based on physical entities. The PE10 dataset obtained the highest score from all evaluated 

datasets. The PE10 dataset, however, divided the landscape of the UK window into very broad 

classes, which indicated that it generalised the contents of the NATMAP validation dataset. Thus a 

more detailed dataset had to be selected for the integration into the enhanced SOTER database. 

 

2.2.2.3.3 Recommendation of datasets for integration into the enhanced SOTER database 
Recommendation of datasets for integration into the enhanced SOTER database was made based on 

the following criteria: 

¶ comparison to NATMAP ς the only dataset at 1:250,000 mapping scale matching the target scale 

of the enhanced database ς ǳǎƛƴƎ ōƻǘƘ ǾŀƭƛŘŀǘƛƻƴ ƳŜǘƘƻŘǎΥ /ǊŀƳŜǊΩǎ ± ǎǘŀǘƛǎǘƛŎǎ ŀƴŘ the DSM 

result from Bayesian Belief Networks; 

¶ expert judgement taking into account the methodology of creation of a dataset as well as spatial 

distribution of mapping units; 

¶ application of Hammond landform legend to a dataset, which increased the meaning of the 

mapping units of the dataset. 

Due to both validation methods returning slightly different results, it was decided to recommend two 

datasets for integration into the enhanced SOTER database.  

The first recommended dataset was PE06 (Figure 11). This dataset was based on physical entities, 

had the Hammond legend scheme applied and the size of the mapping units was equivalent to the 

1:250,000 mapping scale. The compatibility to the target mapping scale was achieved by refining the 

contents of mapping units with three major slope breaks. Additionally, the distribution of the 

mapping units in the UK window area was reflecting the distribution of real landforms. 

The second recommended dataset was HO03 (Figure 12), which scored second after HO02 in the 

prediction of NATMAP with Bayesian Belief Networks. This dataset was based on homogenous 

objects had a convincing distribution of mapping units and Hammond landform classification scheme 

applied. The size of mapping units was too big for the 1:250,000 scale of the enhanced SOTER 

database; nevertheless this dataset was considered a good alternative to traditional approaches for 

the SOTER database at smaller scales. 
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Figure 11 Dataset PE06 recommended for the task 3.4 Integration.  The upper-right image shows the overview of landform subclass in the UK window, and 
the left-hand side image shows an extract of the study area with superimposed slope breaks at 1:250,000 mapping scale. The upper slopes are indicated by 
hatching, lower slopes by dots, and the mid-slopes are shown as transparent. 
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Figure 12 The dataset HO03 recommended for the task 3.4 Integration. Obtained delineations allowed for extraction of a higher number of landform classes 
than in the PE06 dataset according to the Hammond landform classification scheme. The differences in nomenclature between equivalent areas within PE06 
and HO03 datasets are caused by the use of the SRTM with very deep sinks filled in the application of the Hammond legend to the HO03 dataset. 
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2.2.3 Summary and conclusions 

This document presented various research activities undertaken at Cranfield University aiming at 

developing a terrain classification dataset catering for the enhanced SOTER database. The efforts 

resulted in two recommended terrain datasets which were suited for 1:250,000 and 1:1 000,000 

mapping. Both of them were incorporated into two enhanced SOTER databases capable of storing 

parent material and soil information at the aforementioned scales. Apart from the size of 

terrain/landform units represented by the terrain datasets, the detail of information in the parent 

material and soil datasets influenced the final scale of the databases.  
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2.3 Sub-task 3.1.2 Bottomςup approach 

2.3.1 Enhanced geomorphometric terrain parameters 

For the window and pilot areas of Central Europe, England/France and Morocco all local, complex 

and combined terrain parameters which are needed for terrain analysis and terrain classification 

have been calculated on the base of the artefact-cleaned SRTM DTM (WP 1 Task 1.1): 

Skeleton Lines 

 

Channel Lines (synonym: drain lines, thalweg) are lines connecting the lowest points in an open mold 

(Valley) on the surface. Assuming impermeability of the ground it would come with continuous 

irrigation on these lines to linear flow, as in rivers and streams in reality. 

 

Ridge Lines (synonym: summit lines, crest lines) are connecting the highest points on ridges or crests 

or represent isolated peaks. 

 

Breaks in Slopes provide lines of significant convex and concave edges ("natural breaks") in slope 

profiles. These break lines are often the borderlines of landform units. The problem is that breaks in 

slopes enclose the landform units usually only partially. For this reason 'segmentation' techniques 

have been developed (see 2.3.2). The breaks in slopes are not yet integrated in the terrain 

classification. At current state they are only used for comparison purposes (comparison with 

'segments'). 

 

Slope Gradient 

The slope gradient is calculated according to Bauer & Rohdenburg & Bork (1985). 

/ƻƴǾŜǊƎŜƴŎŜ-ŘƛǾŜǊƎŜƴŎŜ LƴŘŜȄ 

/ŀƭŎǳƭŀǘŜŘ ƻƴ ǘƘŜ ōŀǎŜ ƻŦ ǎƭƻǇŜ ŀǎǇŜŎǘ ŀƴŘ ǎƭƻǇŜ ƎǊŀŘƛŜƴǘΦ 9ȄŀƳǇƭŜΥ ²ƘŜƴ ŀƭƭ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ у 

ŀŘƧŀŎŜƴǘ ƎǊƛŘ ŎŜƭƭǎ ŀǊŜ ǇƻƛƴǘƛƴƎ ǘƻ ǘƘŜ ŎŜƴǘǊŜ ŎŜƭƭ ǘƘŜ ŎŜƴǘǊŜ ŎŜƭƭ Ƙŀǎ ŀ /ƻƴǾŜǊƎŜƴŎŜ-ŘƛǾŜǊƎŜƴŎŜ LƴŘŜȄ 

ƻŦ -мΦлΣ ƛŦ ǘƘŜȅ ŀǊŜ ǇƻƛƴǘƛƴƎ ŜȄŀŎǘƭȅ ƛƴ ǘƘŜ ƻǇǇƻǎƛǘŜ ŘƛǊŜŎǘƛƻƴ ҌмΦлΦ 

Flow Accumulation 

The complex terrain parameter 'flow accumulation' shows the size of the catchment area of each grid 

cell. The calculation is based on a multiple flow algorithm according to Freeman (1991). 
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Figure 14 'Breaks in Slopes' for part of the Chemnitz pilot area.  

CƛƎǳǊŜ мо {ƘŀŘŜŘ ǘŜǊǊŀƛƴ ƳŀǇ ƻŦ ǇŀǊǘ ƻŦ ǘƘŜ /ƘŜƳƴƛǘȊ Ǉƛƭƻǘ ŀǊŜŀ  
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Vertical Distance to Channel Lines 

The parameter 'vertical distance to channel lines' is calculated using SAGA standard procedure in an 

iterative process in which small differences in altitude are not taken into account. This results in a 

balanced picture of the relative height (above erosion base level). This relative elevation is of far 

greater significance than the absolute altitude from a geoscientific point of view. The result is 

significantly depending on the kind of 'channel lines' used (see above). 

Modified Soil Moisture Index 

The modified soil moisture index is calculated on the base of the complex terrain parameter 'flow 

accumulation' (see above) and from the local terrain parameters 'slope gradient' (Böhner & Köthe 

2003). Flow accumulation determines the amount of water and slope gradient controls the flow 

speed and thus the residence time of flowing water. The modified soil moisture index supplies always 

consistently high values in valley floors (figure 15) - an advantage over the methods of e.g. Moore et 

al. (1993) where high values are only concentrated on narrow flow lines. 

Figure 15 'Modified Soil Moisture Index' for part of the Chemnitz pilot area  

 

 

Terrain Classification Index for Lowlands (TCIlow ) 

The combined terrain parameter TCIlow (Bock et al. 2007) (Figure 16) is calculated from the complex 

terrain parameters 'vertical distance to channel lines' and 'modified soil moisture index' (see above). 

TCIlow parameterises several relief-forming processes and displays - especially in flat-sloped areas and 

in lowlands - a wealth of relief details. As the name implies the TCIlow is one of the most important 

parameters for terrain classification - especially in low and flat regions. 



Report Deliverable No D7  e-SOTER 

 

35 

 

 

Figure 16 'Terrain Classification Index for Lowlands' (TCIlow) for part of the Hungarian pilot area 

{ǳƳƳƛǘ LƴŘŜȄ 

¢ƘŜ ŎƻƳōƛƴŜŘ ǘŜǊǊŀƛƴ ǇŀǊŀƳŜǘŜǊ {ǳƳƳƛǘ LƴŘŜȄ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ {ƭƻǇŜ DǊŀŘƛŜƴǘ ŀƴŘ wŜƭŀǘƛǾŜ {ƭƻǇŜ 

tƻǎƛǘƛƻƴΦ ¢ƘŜ ŦƻǊƳǳƭŀ ƛǎΥ wŜƭŀǘƛǾŜ {ƭƻǇŜ tƻǎƛǘƛƻƴ όƛƴǾŜǊǘŜŘύ Ҍ  {ƭƻǇŜ DǊŀŘƛŜƴǘлΦпΦ Cƭŀǘǎ ƛƴ ǘƻǇ Ǉƻǎƛǘƛƻƴ ƛƴ 

Ƴƻǳƴǘŀƛƴƻǳǎ ŀǊŜŀǎ ƘŀǾŜ ŀ {ǳƳƳƛǘ LƴŘŜȄ ŎƭƻǎŜ ǘƻ лΦлΦ ¢ƘŜ {ǳƳƳƛǘ LƴŘŜȄ ƻŦ ǘƘŜ ŀŘƧŀŎŜƴǘ ǎƭƻǇŜǎ ƛǎ 

ƛƴŎǊŜŀǎƛƴƎ ƻŦǘŜƴ ŀōǊǳǇǘƭȅΦ 

Relative Altitude 

The parameter 'relative altitude', a new and experimental terrain parameter, is an enhanced variant 

of the well-known parameter relief intensity used e.g. in the original SOTER procedure. It is the 

altitude above the "neighbourhood" and not above the sea level as the absolute altitude. The term 

neighbourhood stands for the local or regional erosion base, defined within a large search radius (e.g. 

100km). The value of the relative altitude of a grid cell is (roughly) defined as the maximum of the 

lesser of 2 positive differences of 2 opposing, equally distant grid cells in the search radius. The 

relative altitude is currently not used for landform classification but is suitable to distinguish e.g. 

between "hills" and "mountains" or levels of terraces. 

Roughness 

This terrain parameter is still under development. As the 'relative altitude' (see above) the roughness 

is also a variant of the relief intensity but the results are not satisfactory yet. 

 
!ǎ ƛƴǘŜǊƳŜŘƛŀǘŜ ǊŜǎǳƭǘǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ƘŀǾŜ ōŜŜƴ ŎŀƭŎǳƭŀǘŜŘΥ  

ϥ±ŜǊǘƛŎŀƭ 5ƛǎǘŀƴŎŜ ōŜƭƻǿ wƛŘƎŜ [ƛƴŜǎϥΣ ϥwŜƭŀǘƛǾŜ {ƭƻǇŜ tƻǎƛǘƛƻƴϥΦ 
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2.3.2 Terrain segmentation 

bŜǿ ŀƭƎƻǊƛǘƘƳǎ ŦƻǊ ǘƘŜ ŀŘǾŀƴŎŜŘ ǎŜƎƳŜƴǘŀǘƛƻƴ ƻŦ Ŏƻƴǘƛƴǳƻǳǎ ƳƻǊǇƘƻƳŜǘǊƛŎ ǘŜǊǊŀƛƴ ǇŀǊŀƳŜǘŜǊǎ ƘŀǾŜ 

ōŜŜƴ ŘŜǾŜƭƻǇŜŘΦ ¢ƘŜǎŜ ŀƭƎƻǊƛǘƘƳǎ ŀƭƭƻǿ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ϦƴŀǘǳǊŀƭ ōǊŜŀƪǎϦΣ ǳǎƛƴƎ ǎŜƎƳŜƴǘŀǘƛƻƴ 

ǘŜŎƘƴƛǉǳŜǎ ǎǳŎƘ ŀǎ ƪƴƻǿƴ ŦǊƻƳ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎΦ Lǘ ƛǎ ƴƻǿ ǇƻǎǎƛōƭŜ ǘƻ ƛŘŜƴǘƛŦȅ ƘƻƳƻƎŜƴŜƻǳǎ ǳƴƛǘǎ 

όŀǊŜŀǎύ ƻŦ ǘŜǊǊŀƛƴ ǇŀǊŀƳŜǘŜǊǎ - ŀǎ ŀ ōŀǎŜ ŦƻǊ ǘŜǊǊŀƛƴ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ ƭƛƴŜ-ƭƛƪŜ .ǊŜŀƪǎ ƛƴ 

{ƭƻǇŜ όǎŜŜ нΦоΦмύ ǘƘŜ ǎŜƎƳŜƴǘǎ ƴƻǿ ŀǊŜ ŎƻƳǇƭŜǘŜƭȅ ŜƴŎƭƻǎŜŘ ŀǊŜŀǎΦ 

Lƴ ŎƻƴǘǊŀǎǘ ǘƻ Ƴŀƴȅ ǎŜƎƳŜƴǘŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ƛƴ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎ ǘƘŜ ŘŜǾŜƭƻǇŜŘ ŀƭƎƻǊƛǘƘƳǎ ǿƻǊƪ 

ǿƛǘƘƻǳǘ ŀƴȅ ϦǎŜŜŘǎϦ ǿƘŀǘ ǿŜ ǊŜƎŀǊŘ ŀǎ ŀƴ ŀŘǾŀƴǘŀƎŜΦ Ϧ{ŜŜŘǎϦ όǎŜŜŘ ƎǊƛŘ ŎŜƭƭǎύ ƘŀǾŜ ǘƻ ōŜ ƎƛǾŜƴ ǘƻ 

ŎƻƳƳƻƴ ǎŜƎƳŜƴǘŀǘƛƻƴ ŀƭƎƻǊƛǘƘƳǎ ŀǎ ƛƴǇǳǘ ŘŀǘŀΦ 9ǾŜǊȅ ǎŜŜŘ ǿƛƭƭ ǇǊƻŘǳŎŜ ŀ ǎǳǊǊƻǳƴŘƛƴƎ ǎŜƎƳŜƴǘ  

όҐ ǎǇŀǘƛŀƭ ǳƴƛǘύΦ ¢ƘŜǎŜ ǎŜŜŘǎ ǇǊƻŘǳŎŜ ǎƻƳŜǘƛƳŜǎ ǳƴƛǘǎ ǿƘƛŎƘ ŀǊŜ ƴƻǘ ƴŜŜŘŜŘ ƻǊ ǎƻƳŜ ǊŜƭŜǾŀƴǘ ǳƴƛǘǎ 

ŀǊŜ ƳƛǎǎƛƴƎ όŎŀǳǎŜŘ ōȅ ƳƛǎǎƛƴƎ ǎŜŜŘǎύΦ 

¢ƘŜ ǎŜƎƳŜƴǘŀǘƛƻƴ ǇǊƻŎŜŘǳǊŜ ǿƻǊƪǎ ƛǘŜǊŀǘƛǾŜƭȅΦ hƴ ŜǾŜǊȅ ǎǘŜǇ όǳǇ ǘƻ ŀ ƎƛǾŜƴ ƴǳƳōŜǊ ƻŦ ǎǘŜǇǎύ ǘƘŜ 

ƳŜŀƴ ƻŦ ŜǾŜǊȅ ƎǊƻǳǇ όǎŜƎƳŜƴǘύ ƛǎ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ƳŜŀƴ ǾŀƭǳŜǎ ƻŦ ŀƭƭ ǎǳǊǊƻǳƴŘƛƴƎ ƎǊƻǳǇǎΦ 9ǾŜǊȅ 

ƎǊƻǳǇ ǘǊƛŜǎ ǘƻ Ƨƻƛƴ ǿƛǘƘ ǘƘŜ ƴŜƛƎƘōƻǳǊƛƴƎ ƎǊƻǳǇ ǿƘƻǎŜ ƳŜŀƴ ƛǎ Ƴƻǎǘ ǎƛƳƛƭŀǊΦ .ǳǘ ǘƘŜȅ ƻƴƭȅ Ƨƻƛƴ ƛŦ ǘƘŜ 

ƴŜƛƎƘōƻǳǊƛƴƎ ƎǊƻǳǇ ŘƛŘ ƴƻǘ ŦƛƴŘ ŀƴƻǘƘŜǊ ƳƻǊŜ ǎƛƳƛƭŀǊ ǇŀǊǘƴŜǊ ŀƴŘ ƛŦ ǘƘŜ ǎƛƳƛƭŀǊƛǘȅ ƛǎ ǿƛǘƘƛƴ ŀ ƎƛǾŜƴ 

ǊŀƴƎŜΦ ¢ƘŜ ǊŀƴƎŜ Ŏŀƴ ōŜ ǎŜǘ ŦǊƻƳ лΦл όƳŜŀƴ Ƴǳǎǘ ōŜ ƛŘŜƴǘƛŎŀƭύ ǳǇ ǘƻ мΦл όƳŀȄƛƳǳƳ ǇƻǎǎƛōƭŜ 

ŘƛŦŦŜǊŜƴŎŜ ŀƭƭƻǿŜŘύΦ ¢ƘŜ ǇǊƻŎŜŘǳǊŜ ǎǘŀǊǘǎ ǿƛǘƘ ŜǾŜǊȅ ǎƛƴƎƭŜ ƎǊƛŘ ŎŜƭƭ όŀǎ ƎǊƻǳǇύ ŀƴŘ ŀŦǘŜǊ ǘƘŜ ŦƛǊǎǘ ǎǘŜǇ 

ǘƘŜ ƎǊƻǳǇǎ Ŏƻƴǎƛǎǘ ƻŦ ƳŀȄƛƳŀƭ н ƎǊƛŘ ŎŜƭƭǎ όϦƎǊƻǳǇǎϦ ǿƛǘƘ ƻƴƭȅ м ŎŜƭƭ Ƴŀȅ ŦƛƴŘ ŀ ǇŀǊǘƴŜǊ ƛƴ ŀ ƭŀǘŜǊ ǎǘŜǇύΦ 

{ǘŜǇ ōȅ ǎǘŜǇ ǘƘŜ ƎǊƻǳǇǎ ŀǊŜ ƎǊƻǿƛƴƎ ōȅ ƧƻƛƴƛƴƎ ǿƛǘƘ ǎƛƳƛƭŀǊ ƴŜƛƎƘōƻǳǊƛƴƎ ƎǊƻǳǇǎΦ 

CƛƎǳǊŜ мт ǎƘƻǿǎ ǘƘŜ ¢/Lƭƻǿ ŀƴŘ ŦƛƎǳǊŜ му ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǎŜƎƳŜƴǘŀǘƛƻƴ ŦƻǊ ŀ ŎƭƻǎŜǊ ƭƻƻƪ ŀǘ IǳƴƎŀǊƛŀƴ 

Ǉƛƭƻǘ ŀǊŜŀΦ 

 

CƛƎǳǊŜ мт ¢/Lƭƻǿ ŦƻǊ ŀ ƳƻǊŜ ŎƭƻǎŜǊ ƭƻƻƪ ŀǘ IǳƴƎŀǊƛŀƴ Ǉƛƭƻǘ ŀǊŜŀ 



Report Deliverable No D7  e-SOTER 

 

37 

 

 

 

CƛƎǳǊŜ му wŜǎǳƭǘǎ ƻŦ ǎŜƎƳŜƴǘŀǘƛƻƴ ƻŦ ¢/Lƭƻǿ - ǎŀƳŜ ŀǊŜŀ ŀǎ ǎƘƻǿƴ ƛƴ ŦƛƎǳǊŜ мт 

 

¢Ƙǳǎ ǘƘŜ ǎŜƎƳŜƴǘǎ ǊŜǇǊŜǎŜƴǘ ŀǊŜŀǎ ǘƘŀǘ ŀǊŜ ƘƻƳƻƎŜƴŜƻǳǎ ƛƴ ǘƘŜƳǎŜƭǾŜǎ ŀƴŘ ǘƘŜȅ ŀǊŜ ŘƛǎǘƛƴŎǘ ŦǊƻƳ 

ƻǘƘŜǊ ƴŜƛƎƘōƻǳǊƛƴƎ ŀǊŜŀǎΦ !ǎ ǎƘƻǿƴ ƛƴ ŦƛƎǳǊŜ му ǎŜƎƳŜƴǘŀǘƛƻƴ ǇǊƻŘǳŎŜǎ ŀ ǾŀǊƛŜǘȅ ƻŦ ǎǇŀǘƛŀƭ ǳƴƛǘǎΦ 

¢ƘŜǊŜŦƻǊŜ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎŜƎƳŜƴǘǎ ōȅ ǘƘŜ ƎǊƻǳǇƛƴƎ ƻŦ ŀŘƧŀŎŜƴǘ ǎǇŀǘƛŀƭ ǳƴƛǘǎ 

ǿƛǘƘ ǎƛƳƛƭŀǊ ŎƻƴǘŜƴǘ όǾŀƭǳŜǎύ ǘƻ ǘŜǊǊŀƛƴ ǳƴƛǘǎΦ Lǘ ƛǎ ŀƭƳƻǎǘ ŎŜǊǘŀƛƴ ǘƘŀǘ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ǎŜƎƳŜƴǘǎ 

ŀǊŜ ǾŜǊȅ ǎǳƛǘŀōƭŜ ǘƻ ƻǳǘƭƛƴŜ ǘƘŜ ŘŜǎƛǊŜŘ ǘŜǊǊŀƛƴ ǳƴƛǘ ōŜŎŀǳǎŜ ǘƘŜƛǊ ōƻǳƴŘŀǊƛŜǎ Řƻ ƴƻǘ Ŏǳǘ 

ƘƻƳƻƎŜƴŜƻǳǎ ǘŜǊǊŀƛƴ ǳƴƛǘǎΦ {ƻ ǿƘŀǘ ǿŜ ǎƛƳǇƭȅ ǘǊȅ ǘƻ Řƻ ƛǎ ǘƻ ǎǳōǎǘƛǘǳǘŜ ǘƘŜ ƎǊƛŘ ŎŜƭƭǎ ōȅ ǘƘŜ ǎŜƎƳŜƴǘǎ 

ŀǎ ǘƘŜ ƎŜƻƳŜǘǊƛŎ ōŀǎŜ ŦƻǊ ǘŜǊǊŀƛƴ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴΦ 

.ǳǘ ǘƘŜ ƎǊƻǳǇƛƴƎ ǇǊƻǾŜŘ ŀǎ ŀ ŘƛŦŦƛŎǳƭǘ ǘŀǎƪΦ ! ƭƻǘ ƻŦ ŘƛŦŦŜǊŜƴǘ ŀǇǇǊƻŀŎƘŜǎ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ŀƴŘ 

ǘŜǎǘŜŘΦ ¢ƘŜ ōŜǎǘ ǊŜǎǳƭǘǎ ǿŜǊŜ ŀŎƘƛŜǾŜŘ ōȅ ǘŜǎǘƛƴƎ ŘƛŦŦŜǊŜƴǘ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ ǘƘŜ ƎǊƻǳǇƛƴƎ ƻŦ ŀŘƧŀŎŜƴǘ 

ǎŜƎƳŜƴǘǎ όǘƘŜ ǊŜǎǳƭǘ ǎƘƻǿǎ ŦƛƎǳǊŜ мфύΦ {ǘŀǊǘƛƴƎ ǿƛǘƘ ŀ ƎƛǾŜƴΣ ŜƳǇƛǊƛŎŀƭ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǘƘŜ ǘƘǊŜǎƘƻƭŘǎ ŀǊŜ 

ƛǘŜǊŀǘƛǾŜƭȅ ǎƭƛƎƘǘƭȅ ƳƻŘƛŦƛŜŘΦ CƻǊ ŜŀŎƘ ƛǘŜǊŀǘƛƻƴ ƛǘ ƛǎ ǘŜǎǘŜŘ Ƙƻǿ ǘƘŜ ǘƘǊŜǎƘƻƭŘǎ Ŧƛǘ ŦƻǊ ǘƘŜ ƎǊƻǳǇǎ ōȅ 

ŎŀƭŎǳƭŀǘƛƴƎ ǘƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴǎΦ ¢ƘŜ ǘƘǊŜǎƘƻƭŘǎ ǿƘƛŎƘ ŘŜƭƛǾŜǊ ǘƘŜ ƭƻǿŜǎǘ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴǎ ŀǊŜ 

ǊŜƎŀǊŘŜŘ ŀǎ ǘƘŜ ōŜǎǘ ŦƛǘǘŜŘ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŦƻǊ ǘƘŜ ƎǊƻǳǇƛƴƎΦ ¦ƴǘƛƭ ƴƻǿ ŀƴ ǳƴǊŜǎƻƭǾŜŘ ǇǊƻōƭŜƳ ǿƛǘƘ ǘƘƛǎ 

ƳŜǘƘƻŘ ƛǎ ǘƘŀǘ ǘƘŜ ōŜǎǘ ŦƛǘǘƛƴƎ ǘƘǊŜǎƘƻƭŘǎ ŀǊŜ ŎƘŀƴƎƛƴƎ ƛƴ ƭŀǊƎŜ-ǎŎŀƭŜǎΦ {ƻ ǿŜ ƘŀǾŜ ǘƻ ǳǎŜ ŘƛŦŦŜǊŜƴǘ 

ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ϥǊŜƎƛƻƴǎϥΦ ¢ƘŜ ƳŜǘƘƻŘǎ ǘƻ ŘŜǊƛǾŜ ǘƘŜǎŜ ϥǊŜƎƛƻƴǎϥ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŀǊŜ ƴƻǘ 

ŎƻƳǇƭŜǘŜŘ ȅŜǘΣ ǎƻ ŀǘ ǘƘŜ ƳƻƳŜƴǘ ǿŜ ǎǘƛƭƭ ƘŀǾŜ ǘƻ ƻǳǘƭƛƴŜ ǘƘŜƳ ƳŀƴǳŀƭƭȅΦ 
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CƛƎǳǊŜ мф ¢/Lƭƻǿ όōύ ŀƴŘ ǊŜǎǳƭǘǎ ƻŦ ƎǊƻǳǇƛƴƎ ƻŦ ǎŜƎƳŜƴǘǎ ƻŦ ¢/Lƭƻǿ όŎύ ŦƻǊ ŀ ǘƘŜ ƘƻƭƻŎŜƴŜ ŀƴŘ 
ǇƭŜƛǎǘƻŎŜƴŜ ǊƛǾŜǊ ǘŜǊǊŀŎŜǎ ƻŦ ϥ½ǿƛŎƪŀǳŜǊ aǳƭŘŜϥ όŘŜǘŀƛƭ ŦǊƻƳ /ƘŜƳƴƛǘȊ Ǉƛƭƻǘ ŀǊŜŀύΦ 
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2.3.3 Terrain classification - Geomorphographic Maps 

¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ǘŜǊǊŀƛƴ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ όǎȅǎǘŜƳ ƻŦ ǘŜǊǊŀƛƴ ǳƴƛǘǎύ Ŧƻƭƭƻǿǎ ŀ ǇǊŀƎƳŀǘƛŎ-ŘŜŘǳŎǘƛǾŜ ŀǇǇǊƻŀŎƘ 

ōŀǎŜŘ ƻƴ ƎŜƻƳƻǊǇƘƻƭƻƎƛŎŀƭ ƪƴƻǿƭŜŘƎŜΦ ¢Ƙƛǎ ƳŜŀƴǎ ǿŜ ǘǊȅ ǘƻ ŘŜǊƛǾŜ ŘŜŘǳŎǘƛǾŜ όƛƴŎƭǳŘƛƴƎ ƪƴƻǿƭŜŘƎŜ 

ƻŦ ǘƘŜ ƎŜƴŜǎƛǎ ƻŦ ƭŀƴŘŦƻǊƳǎύ ǘŜǊǊŀƛƴ ǳƴƛǘǎ ŦǊƻƳ ŀ 5¢a όƻǊ ŘŜǊƛǾŜŘ ǘŜǊǊŀƛƴ ǇŀǊŀƳŜǘŜǊǎύΦ 

!ƭƭ ƎŜƻƳƻǊǇƘƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ŀǊŜ ŘƛǊŜŎǘŜŘ ŘƻǿƴƘƛƭƭ όŜȄŎŜǇǘ ŘǳƴŜǎΣ ƎƭŀŎƛŜǊǎύΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŜ ŜŀǊǘƘϥǎ 

ǎǳǊŦŀŎŜ ƛǎ ƴƻǘ ƛƴǾŜǊǘƛōƭŜΦ !ǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜΣ ǘƘŜǊŜ ƛǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǇǊƛƴŎƛǇƭŜ ƻŦ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǘƘŀǘ ǘƘŜ 

ŘŜǊƛǾŀǘƛƻƴ ƻŦ ǘŜǊǊŀƛƴ ǳƴƛǘǎ ƛǎ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ŜǊƻǎƛƻƴ ōŀǎŜ όŎƘŀƴƴŜƭ ƭƛƴŜǎύ ŀƴŘ ǘƘŜƴ ŎƭƛƳōƛƴƎ ǳǇƘƛƭƭΦ 

Lǘ ǿŀǎ ƻǊƛƎƛƴŀƭƭȅ ǇƭŀƴƴŜŘ ǘƻ ǳǎŜ ƎŜƻƭƻƎƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ŘƛǎǘƛƴƎǳƛǎƘ ōŜǘǿŜŜƴ ǘǿƻ ǘȅǇŜǎ 

DŜƻƳƻǊǇƘƻƎǊŀǇƘƛŎ aŀǇǎΥ ƻƴŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŦƻǊ ǊŜƎƛƻƴǎ ǿƛǘƘ ŎƻƴǎƻƭƛŘŀǘŜŘ ǊƻŎƪ ŀǎ ǘƘŜ ǇŀǊŜƴǘ ƳŀǘŜǊƛŀƭ 

ŀƴŘ ƻƴŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŦƻǊ ŀǊŜŀǎ ǿƛǘƘ ǳƴŎƻƴǎƻƭƛŘŀǘŜŘ ǊƻŎƪΦ .ǳǘ ǘƘŜ Řŀǘŀ ŀōƻǳǘ ǇŀǊŜƴǘ ƳŀǘŜǊƛŀƭ ƛǎ 

Ƴƻǎǘƭȅ ƴƻǘ ǎŀǘƛǎŦȅƛƴƎ ŀƴŘ ǘƘŜ ŎƻƴŎŜǇǘ ƘŀŘ ǘƻ ōŜ ŎƘŀƴƎŜŘΦ 

CƛƎǳǊŜ нл ǎƘƻǿǎ ǘƘƛǎ ǇǊƻōƭŜƳ ŦƻǊ ŀ ǇŀǊǘ ƻŦ ǘƘŜ /ƘŜƳƴƛǘȊ ǇƛƭƻǘΥ LŦ ȅƻǳ ǘŀƪŜ ŀ ŎƭƻǎŜǊ ƭƻƻƪ ŀǘ ǘƘŜ ŘŜǘŀƛƭǎ 

ŀǘ ǘƘŜ ōƻǊŘŜǊƭƛƴŜǎ ōŜǘǿŜŜƴ ŀǊŜŀǎ ƻŦ ŎƻƴǎƻƭƛŘŀǘŜŘ ŀƴŘ ǳƴŎƻƴǎƻƭƛŘŀǘŜŘ ǊƻŎƪΣ ȅƻǳ ǿƛƭƭ ŦƛƴŘ ŀ ƭƻǘ ƻŦ 

ƛƴŎƻƴǎƛǎǘŜƴŎƛŜǎ ōŜǘǿŜŜƴ ǘŜǊǊŀƛƴ ŀƴŘ ƎŜƻƭƻƎƛŎŀƭ ƳŀǇ - ƛƴ ƻǳǊ ƻǇƛƴƛƻƴ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ŜǊǊƻǊǎ ƛƴ ǘƘŜ 

ƎŜƻƭƻƎƛŎŀƭ ƳŀǇΦ 

LƴǎǘŜŀŘ ƻŦ ǳǎƛƴƎ ǇŀǊŜƴǘ ƳŀǘŜǊƛŀƭ ǘƘŜ DŜƻƳƻǊǇƘƻƎǊŀǇƘƛŎ aŀǇǎ ƴƻǿ ŘƛǎǘƛƴƎǳƛǎƘŜǎ ōŜǘǿŜŜƴ ǘƘŜ ƘƛƎƘ-

ƭŜǾŜƭ ǘŜǊǊŀƛƴ ǳƴƛǘǎ ϦCƭŀǘǎϦ ŀƴŘ Ϧ{ƭƻǇŜǎϦ όǎŜŜ нΦоΦоΦмύΦ ϦCƭŀǘǎϦ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǳƴŎƻƴǎƻƭƛŘŀǘŜŘ ǊƻŎƪ 

ŀǎ ǇŀǊŜƴǘ ƳŀǘŜǊƛŀƭ ŀƴŘ Ϧ{ƭƻǇŜǎϦ ǿƛǘƘ ŎƻƴǎƻƭƛŘŀǘŜŘ ǊƻŎƪ ŀǎ ǇŀǊŜƴǘ ƳŀǘŜǊƛŀƭΣ ƪƴƻǿƛƴƎ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ 

Ƴŀƴȅ ŜȄŎŜǇǘƛƻƴǎ ǘƻ ǘƘƛǎ ƘȅǇƻǘƘŜǎƛǎΦ 

¢ƘŜ ƳŜǘƘƻŘ ŦƻǊ ǘƘŜ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ōŜǘǿŜŜƴ ϦCƭŀǘǎϦ ŀƴŘ Ϧ{ƭƻǇŜǎϦ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƎǊŀŘƛŜƴǘ ƻŦ ǘƘŜ 

ƳƻǊǇƘƻƳŜǘǊƛŎ ǘŜǊǊŀƛƴ ǇŀǊŀƳŜǘŜǊ Ϧ¢ŜǊǊŀƛƴ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ LƴŘŜȄ ŦƻǊ [ƻǿƭŀƴŘǎ ό¢/LƭƻǿύϦΦ ¢ƻ ŘƛǎǘƛƴƎǳƛǎƘ 

ōŜǘǿŜŜƴ ϦCƭŀǘǎϦ ŀƴŘ Ϧ{ƭƻǇŜǎ ǘƘŜ ŦƛȄŜŘ ǘƘǊŜǎƘƻƭŘ ƻŦ лΦлнϲ όƎǊŀŘƛŜƴǘ ƻŦ ¢/Lƭƻǿύ ƛǎ ǿŜƭƭ ŦƛǘǘƛƴƎ ŦƻǊ ŀƭƭ Ǉƛƭƻǘ 

ŀƴŘ ǿƛƴŘƻǿ ŀǊŜŀǎΦ !ŘŘƛǘƛƻƴŀƭƭȅ Ŧƭŀǘǎ ŀǊŜ ƭƛƳƛǘŜŘ ǘƻ ŀ ƳŀȄƛƳǳƳ ƻŦ тϲ ǎƭƻǇŜ ŀƴƎƭŜΦ .ŜŎŀǳǎŜ ¢/Lƭƻǿ ƛǎ ŀ 

ǾŜǊȅ ŦƭŜȄƛōƭŜ ǘŜǊǊŀƛƴ ǇŀǊŀƳŜǘŜǊ ǘƘŜ ǳǎŜ ƻŦ ƎǊŀŘƛŜƴǘ ƻŦ ¢/Lƭƻǿ ǿƻǊƪǎ ƳǳŎƘ ōŜǘǘŜǊ ǘƘŀƴ ǳǎƛƴƎ ǎƭƻǇŜ 

ƎǊŀŘƛŜƴǘΦ CƛƎǳǊŜ нм ǎƘƻǿǎ ǘƘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƛƴǘƻ ϦCƭŀǘǎϦ ŀƴŘ Ϧ{ƭƻǇŜǎϦ ōȅ ƎǊŀŘƛŜƴǘ ƻŦ ¢/LƭƻǿΦϦ 
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CƛƎǳǊŜ нл !ǊŜŀǎ ǿƛǘƘ ŎƻƴǎƻƭƛŘŀǘŜŘ ŀƴŘ ǳƴŎƻƴǎƻƭƛŘŀǘŜŘ ǊƻŎƪ ŀǎ ǇŀǊŜƴǘ ƳŀǘŜǊƛŀƭ όŦǊƻƳ ¢ǊǳǊƴƛǘ ŜǘΦ ŀƭ 
нллсύ 

CƛƎǳǊŜ нм ϦCƭŀǘǎϦ ŀƴŘ Ϧ{ƭƻǇŜǎϦΣ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ōȅ ƎǊŀŘƛŜƴǘ ƻŦ ¢/LƭƻǿΦ  






































































