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This deliverable of the-8OTER project includesthodologies fothe enhancel SOTER database.
Thedeliverable 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 theenhanced SOTER database.

1.1 Introduction

The initiative to createhe 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 SQatieRedat

is hierarchically structured and is composed of three levels: TerRinysiographic and Soil
components ¥an Engelen and Wen, 199®hysiographic componemrbnsistsof terraininformation
delineating Y 22 NJ f I YRTF2NXY & 2 Fcomhbifedwitho paredt natdrial. sTameii | O S
components subdivide terrain into areas characterised with distinct patté surface form, slope,
mesorelief, unconsolidated vs. consolidated material, and texture of parent material. Soil
components characterise soil acdong to FAO diagnostic horizons and properties.

TheSOTER database in its traditional form consists of maps and associated attribute tables which are
not easily disseminatede-SOTER project aims at enhancement of methodology of delineation of the
SOTERNits, and providing a webased 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 WR3ther work packagesoncentratal on assessment of the terrain

and soil delineations (WP4), applications 8@©TER database related to major threats to soils (WP5),
and providing web services for dissemination é&@TER (WP&-SOTER project uses several study
areas located in Central Eype, United Kingdom, and Morocco within which new methodologies and
resulting database will be applied.

WP3 composes of several tasks that investigate meshniquesof 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. Remotelsensed 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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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 mappingaspared 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 landsapes. 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 wdaslof3.1. 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) Fdpwn approach, and (2) bottomp
approach The final results are described in tisisction of the report.

2.2 Subtask 3.1.1:Top-down approach

Subli a1 o®RRBGY WELRINRI| OKQ ¢ a dgCRSFNdIUNVeSy. Thenamal NIy S |
Wi-R2¥W Y | LILINEIF OKQ A Y RASQd perfdnediirka sdqueinc® NiNektracying broad f & a
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 ewelify the problem of depicting scale when using a fixed search
window size in landform classification. The undertaken methodologiesl@seribed inthe section
2.2.lincluding investigation of scale effects determined by search window size

Section 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 approachdshown in literature were tested within the UK window arfeased on 90m SRTM

data provided byWP1.These were: (a) SOTER landform classification following the guidelines of the
{he¢ow a0221 0221¢ 065202a&a SiG Ftft®dX wnnpv YR (0KS
WP1; (b) Hammond landform classification in modified Dikau approach (Dikay £9@1); and (c)

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

selected due to the fact that it was successfully used to derive physiographic map of the United
States. Approach presented by Iwahashi ankkRvas used to derive global physiographic map
showcased within the JRC websiltet|y://eusoils.jrc.ec.europa.eu/projects/landforn)/and thus was
considered as a valuable method in cont@fte-SOTER project. Reproduction of the traditional
SOTER approach within the study area was an obvious choice for a benchmark dataset.
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2.2.11 SOTER landform classification

TheSOTER landform classificationswisist manually generated for the area of UK window based on

0KS YSGK2R2t238 2F RSNAGAY3I {h¢ow GSNNIAYy dzyAaida
2005). Instructions were strictly followed excluding the polygon generalisation step due to
unavalability 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 scal@ble 1 presens comparison of major
parameters impacting the outputs of the two approaches.

SOTER landform classification approach

Parameter Manual _ Automated
Dobos et al. Modified ESOTER 1:1M ESOTER 1:5M
[BN13] [BN14 [BN1] [BN1q4

Input data
Input DTM SRTM SRTM SRTM SRTM
DTM preprocessing Fill sml;segs to 20m Mean 3x3 filter F'ggr':l;segg 0 F'ggr':?egg o
Radius of search window in cells
Relief intensity 5 5 5 5
PDD 20 5 5 5
Output resolution
Landform 990m 90m 990m 990m

classification

Tablel Comparison of main parameters pfanual and automate@dpproaches to SOTER landform
classificationThe BN1aB8N16codesare unique namegjiven to each dataset developed during the
work on the project Note that datasets BN15 arBN16 are not based on the final version of the
automated procedure provided by WP1.

Results othe applied approaches to SOTER landform classification are shokigurel. Thedetail
and contents of each delineated class varies again with the seantlowisize and final resolution of
the output.



Report Deliverable No D7 e-SOTER

Kilometers

A) SOTER resaredlto 990m resolution B) SOTER 90m resolutjgBN14

(Dobos etal.), [N 13

0 20 4«

Kilometers

C) Result of automated procedure 1:18N13 D) Result of autoamated procedure 1:5MN1G

Figure 1 Results of SOTER landform classification in a sample area: A) Dobos et al. a
B) Modified Dobos approach; C) Result of automated procedure 1:1MReB)It of automatec
procedure 1:5M Legend is given in Appendix 2 Figurdze BN18BN16codesare unigue names
given to each dataset developed during the work on the project.

2.2.12 Hammond Landform classificatiogintroduction and implementation

TheHammond 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 subeetjy 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 avdiléity of digital elevation models and computer processing.

8
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This study uses the approach introduced by Dikau ef1891) with some modifications as to the
resolution of input DEM, search window size and method of classification of local relief. Regafd|
the approach, SRTM was ppeocessed by filtering with focal 3x3 mean filter and resampled to
required resolution. A total of six variants of the method were applied:

(HDWSLINRPRdAzOGA2Y 2F 5A1FdzQa | LILINRFOK 2y 'Y GAYR2
a. Exact reproduction of the approa¢BNO]
b. With modified local relief componefBNO0Z
(2) Modified approach for UK windowversion 1
a. With original local relief componefiBN0g
b. With modified local relief componefBNO3
(3) Modified approach for UK windowversion 2
a. With original lochrelief conponent[BNO§G
b. With modified local relief componefBNO04

I LILINR I OKS & NB LiheEhoudiegy rgqliireds & 200mde€salution 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: 9820m an
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 showin Table-4.
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SLOPE
Class| Description
A More than 80% of area gently slopi

B 50- 80% of area gently sloping
C 20-50% of area gently sloping
D Less than 20% of area gently slopir

Table2 Classification of the index of slope inclination (Dikau et al., 1991)

LOCAL RELIEF

Class| Description

0-30m (0- 100 feet)
30-91m (100 300 feet)
91-152m (300500 feet)
152-305m (500 1000 feet)
305-915m (1000 3000 feet)
More than 915m (3000 feet)

OO WIN|F

Table3 Classification of the index of vertical dimension (Dikau et al., 198Ihodified 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% ofhe areain lowland
b 50- 75% ofthe areain lowland

c 50- 75% ofthe areain upland

d More than 75% ofhe areain upland

Table4 Classification of index of general profile character (Dikau et al., 1991)

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

in terms of spatial distribution and number of classEgyure2 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.

10
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Eha ¥ @0
B

A)Hammond subclass 9600m square window C)Hammond subclass 9720m circular window

[BNOJ [BNOg]

% \\:'\ ‘: iy o __aiee . 7‘\_\:‘:‘_-(' (40 - N % v
i = . > A & .
B)as above, with modified local religBNOZ3 D)as above, with modified local religBNOJ F)as above, with modified local religBN04

Figure2 Comparison of landform subclass maps obtained with various approaches to Hammond landform classification on a sampleiagebosttmn
Basin and the Weald: A) Dikau approach; B) Dikau approach with modified local relief component; C) Mquifiachayl; D) Modified approach v 1 wi
modified local relief component; E) Modified approach v2; F) Modified approach v2 with modified local relief componerd. tbdgadform subclass i
available in Figure 1 of AppendixThe BNOiBNO6codesare ungue names given to each dataset developed during the work on the project

11
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2.2.13Iwahashi and Pike landform classificatianintroduction and methodology

Iwahashiand 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 chosemasradriver 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 fidred 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 suth® 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 atliefvfeatures. It is
obtained by application of a 3x3 Lapian 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 nestexns clasification 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, follaved 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, xibpnemd 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 theteeper half of the study area but increases the detail of classes of the gentler half and
guarter respectively. This also means that in classification into 16 classes, classes within the steeper
guarter of the gentler half of the study area remain the ®aas 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 thecircular 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 wagdmitt

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 showiaiole 5. The
classification outputs were filtered with 3x3 focal majgrilter to remove salt and pepper effect.
Results of Iwahashi approach for two selected window sizes are shdvigure 3.

Output Radius of search window [No of cel
8 classeq 12 classeq 16 classeq Texture Convexity
BN17 BN18 BN19 5 5
BNO7 BNO8 BNO9 10 10
BN20 BN21 BN22 24 24
BN10 BN11 BN12 54 54

Table5 An overview of settings forthe lwahashi and Pikapproach The BNG-BN22 codesare
unique names given to each dataset developed during the work on the project

12
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C) 16 classefBN13 D) Color schemes applied to represent particul
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Figure 3Results of Iwahashi and Pike landform classificafem search window of 9720m i
diameter. A) Result for 8 classes; B) result for 12 classes; C) Result for 16 cla€s#er Bghemes
applied to represent the classification outputsor the meaning of classes refer to lwahashi and |
(2006).The BNO-BNL2 codesare unique names given to dadataset developed during the work c
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 inglié®m 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 tggzaling or dowrscaling the original resolution of the DEM,
second is performing calculations within a search windath ¥s 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 firal classification and possible interactions between both spatial resolution and search
window size.

The research on this topic v&ll be continued in the futurenevertheless, preliminary methods and
results are shown in the following sections of thipag.

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 dameter 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 schemdading slope mean, slope range,
elevation mean, elevation rangand maximum elevatiomere derived from SRTM for investigated
search windows. Subsequently, all layers were sampled with points at regular grid intervals of 270m
and used in statistical analig. Statistical analysis includedrnieans clustering of the sampled values
with the aim of obtaining groups reflecting distribution of landforms.

2.2.1.4.3 Analysis of the results

Figure4 picturesthe impact of danging 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 dy flaaplains.

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 resutfemoving 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.

14
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2“ 5k A D SRR Hammond Landform Classification
ow diameter: 900m

Landform Class
Flat or nearly flat plains
- Smooth plains with some local relief
- Irregular plains with low relief
- Irregular plains with moderate relief
Plains with hills
[ Plains with high hills
- Plains with low mountains
Open very low hills
Open low hills
Open moderate hills
- Open low mountains
I open high hills
Very low hills
[ Lowhills
[ Moderate hills
I High hills
- Low mountains
Tablelands with moderate relief
- Tablelands with considerable relief
Il Tablelands with high relief

search window diameter: 18000m

Figure 4 The effect of various search window sizes used to compute landform classific
components.

15
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Cluster 8
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7200 (EMAX)
16200 (EMAX)
2700 (EM)
8100 (EM)
18000 (EM)

PO 00000

Window size (m)

Figure5 Results of Kneans clustering of terrain descriptors calculated within various search wir
sizes. Upper image shows the distribution of 8 clusters within the study area, lower image pr
the graph of centroid means for each variable used in thetelingy. Key to abbreviations used
the graph is as followsSM¢ slope mean, SRslope range, ERelevation range, EMAXmaximum
elevation, EM elevation mean. Colours used in the graph are equivalent to colours of clustel

in the upper image.
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The results of statistical analysis are shownFigure5. The figure presents a map of 8 clusters
obtained from Kmeans 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 peerns 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 lmetn 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 outling; 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.

Analysisof 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 seaimfiow 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 windowshould 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 sizetba 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 exaggeratbd 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 researchatillf on varying the
window size regionally according to observed scale effects in the indices.

17
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2.2.15 Conclusions to the benchmark datasets

The analysis of benchmark datasets shows a variety of landform maps, differing with number, shape,
and spatial dtribution 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
calallation of terrain attributes was proven to play an important role iatsg definition of landform
divisions. Statistical assessment of obtained delineations is described in Se&id8 f this
report, allowing for making final conclusions as to usability of obtained landform maps as the terrain
component in SOTER datse.

CODE Description

Hammond landform classification based on the SRTM resampled to 200m resolution. Square

BNOL 9600x9600m search window was used to extract classification components.

BNO2 | BNO1 modified by application of local relief classesl&vation rather than elevation range.

BNO3 | BNO5 modified by application of local relief classes to elevation rather than elevation range.

Hammond landform classification based on 90m SRTM. Circular search window with 9720m dia

BNOS was used to extict classification components.

BNO4 | BNO6 modified by application of local relief classes to elevation rather than elevation range.

Hammond landform classification based on 90m SRTM. Circular search window with 900m diam

BNO6 was used to extract clagigation components.

BNO7

BNO8 Iwahashi and Pike approach run with the original settings of the ACT script. Texture and convexi
parameters were extracted within the 10 grid cell radius, totalling to 1800m in diameter.

BNO9

BN10

BN1L Iwahashiand Pike approach run with the modified settings of the ACT script. Texture and convex

parameters were extracted within the 54 grid cell radius, totalling to 9720m in diameter.
BN12

Manual approach to the SOTER landform classificatith®st ONA 6 SR Ay (KS W{
BN13 | search window for calculation of relief intensityd grid cells, for PDD 20 grid cells. Each intermedia
layer downgraded to 990m resolution.

Modified manual approach the SOTER landform classificatan RSa ONXA 6 SR Ay (K
BN14 | Radius of search window for calculation of relief intengigygrid cells, for PDD 5 grid cells. The spat
resolution of the intermediary layers and final out is 90m.

BN15 | Automated approaciinot the final versiop

BN16 | Automated approaclinot the final version)

BN17

BN18 Iwahashi and Pike approach run with the modified settings of the ACT script. Texture and conve
S parameters were extracted within the 5 grid cell radius, totalling to 900m in diameter.

BN1

BN20

BN21 Iwahashi and Pike approach run with the modified settings of the ACT script. Texture and conve

% parameters were extracted within the 24 grid cell radius, totalling to 4320m in diameter.
BN

Table 6 Landform benchmark datasets deriwethin the work on the eSOTER project.
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2.2.2 New methods of terrain analysis

This section presents investigations of new methods of terrain analysis according 40-R 235 y Q
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 scalewo techniques of landscape segmentation were
investigated: (1) extracting physical entities, and (2) extracting of homogenous objects from Digital
Elevation Model (SRTM).

2.2.2.1Description of objects used in landform classification approaches

2.2.2.11 Physical entities

Physical entities are constituted by peak sheds and slope breaks obtainedifrshredand hill slope

analy®es introduced by Bob MacMillanBob MacMillan designed a software programroalled
LandMapR (MacMillan, 2003)and several Mimsoft Fox Pro scripts thagenerate polygonal
delineations of peak sheds and up to six slope breaks. Examples of peak sheds and slope breaks are
shown inFigure 7 Physicakntities were generated for all four 1:250k study areas researched in the
project: UK window, Chemnitz sheet, Hungarian pilot, and Moroccan pilot.

Legend

[ reak shess
‘ht‘ Slope breaks
I'_ I upper siope
Pl [ usper siope:
] upper siope :
8] [ Lower siope

Figure 7 Examples of physical entities used as the basis for landform classification. The left hi
image shows global peak sheds and the right hand side imaggbal peak shedmtersected with
slope break layer providing six breaks in slope. The slope break layer was generalised to 1:5

mapping.

Both peak sheds and slope breaks were considered useful in landform classification approaches due
to their direct link to actubtopography of the landscape. Peak sheds provide coarse landscape
divisions suitable for smadicale 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 wateinfliowerted

and notinverted DEM, thus acquiring a physical aspect to their delineations.
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2.2.2.1.2Homogenous objects

Homogenous objestwere delineated ilwooperation with Dr Lucian Dragut from Salzburg University.
eCognitionsoftware 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 genenated UK window only
(Figure 8).

Level 1 Level 2 Level 3

Figure 8 Homogenous objects generated in eCognition software usiimgalfe ScaleParameter (ESP
tool. Three various levels of complexity are shown for an extract and the entire UK wit
The approximate location of the closg is marked by the red box.

The value of homogenous objects is found in tmdform character of their contents given a
particular scale of the landscaplearger 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,asuasulting from the
WeRRIGY Q | LILINR I OK®

20



Report Deliverable No D7

e-SOTER

2.2.2.2Methodology of landform classification

Physical entities of both types peak sheds and several versions of slope breas well as the
homogenous objects @re used in various combinations to generaéterain maps equivalent to the
terrain component in SOTER databas$éias to be noted here that combinations between physical
entities and homogenous objés were not used, however, peak sheds or intersections of slope
breaks with peak sheds were invggtied.The overall scheme of the applied methodologies is shown

in Figure 9.
Dissection of landscape into objects
physical entities | homogenous objects
Basic statistics for each object

Elevation, slope

K-means analysis — higher level of landforms

K-means analysis — lower level of landforms
Post-processing

Refinement to target mapping scale | Hammond classification scheme

Figure 9 A flow chart showinan overview of theandform classification methodology applied

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 elevatind slope. For the homogenous objects
these weremean, range, % and g percentile of elevation, and mean®&and Ik percentile of

slope. In the second step, the highest hierarchical level of landforms was extracted, which typically
constitutedaRA A G Ay Ol A2Y 2F aft26¢ |yR GKAIKE
for all four study areas, or each study area separately, or was based on the resutheding
clustering into two clusters. In the third step, lower level landformsenextracted by independent
clustering of objects within higher levels of landform delineations. In the final step, clusters maps
were postprocessed by elimination of very small polygaml application of Hammond landform

classification scheme. The finaldz(i LJdzia 6SNB &aY220KSR

%

NEBFad ¢ KA

2NRSNJ (2

boundaries inherited from the input SRTM layer. Talesd 8 list the obtained outputs along with

summary of the extraction method.
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CODE

Description

PEO1

Based on peak sheds intersectsith slope breaks (Line A of slope break extraction), with small polygons eliminated with lin|
postprocessing. Characterised with minimum, maximum, mean, and range values of elevation and-she@skclustering or
all four study areas simultaneodys \Afold crossvalidation option applied to determine the optimal number of clusters.

PEO2

Based on peak sheds intersected with slope breaks (Line A of slope break extraction), with small polygons eliminated with
postprocessing. Characteris@dth minimum, maximum, mean, and range values of elevation and slope. The datasets for ¢
dGdzRe I NBla RAGARSR | O0O2NRAy3I (2 GKS YSRAlLY @FtdsS 27
distinct areas. Mold crossvalidationOf dz&a ¢ SNA y3 LISNF2N¥YSR AYyRSILISyRSyidGte oAlKH

PEO3

Based on peak sheds intersected with slope breaks (Line A of slope break extraction), with small polygons eliminated wit
postprocessing. Characterisedttviminimum, maximum, mean, and range values of elevation and slope. Each study area
Ayilz aft26é YR GKAIKE LI NI dzaAy3 YSRALY @FfdzS 2F StSg
window, 470.95m for the Moroccan pilof22.45m for Hungarian piloi43.47n for Chemnitz pilot. Kneans with Mold cross
gFEfARFGAZ2Y FEfI2NRAGKY g+ & FLIXASR AYRSLISYRSyilte gAGKAY

PEO4

Based on peak sheds intersected with slope breaks (Line A of slope break extraction), with small polygons eliminated wit
postprocessing. Characterised with minimum, maximum, mean, and range values of elevation and slope. The distinction
at26¢é YR GaKAIKE LI NGa 2F GKS &dGdzRe FNBFra gl a 200FAy
Subsequently, ¥old crossvalidation algorithm was independently applied on each part of each study area.

PEO5

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

PE11

Based on PE04 output with Hammond landform classification legend applied, repréeefgadform class. Polygons smaller th
156.25ha eliminated into neighbouring polygons.

PE18

Based on PEO4 output with Hammond landform classification legend applied, represents the laygiralygons smaller tha
156.25ha eliminated intaeighbouring polygons.

PEO6

Based on PE04 output with Hammond landform classification legend applied, represents the landform subclass. Polygor
than 156.25ha eliminated into neighbouring polygons. Slope break layer obtained with Line B of slope break ex
superimposedn the PEO5 output.

PE17

Slope break layer obtained with the line B of slope breaks extraction, generalised td $c25

PEO7

Based on peak sheds intersected with slope breaks (Line A of slope break extraction), with small polygons elimirated. woith
postprocessing. Characterised with minimum, maximum, mean, and range values of elevation and slope. The datasets
study areas (UK window, Chemnitz sheet, and Hungarian pilot) divided according to the median value of elevation me
GAGKAY SIOK Lktea3azy G2 T2 Noldadsdvaidatioh gluRteridgipariaried indepeadenty Vithi
Gf26¢ YR GKAIKE LI NIa 2F (KS addzRé I+ NBI @

PEO8

Based on peak shed polygons generalised to 1:250,000 scale by eliminatioygwnsobf area <=156 ha (line 2 of peak sh
postprocessing). Characterised with mean, minimum, maximum, and range of values of elevation and slope. The d
0SG6SSy at2pé¢ YR GaKAIKE LI NI& 27F KS ersifilsiaR@aratelyNdthindeach stui
area. Subsequently -féld crossvalidation algorithm was independently applied on each part of each study area.

PE09

Based on PEO8 output with Hammond landform classification legend applied and generalé¢dicOK G KS WwI |
Slope break layer obtained with the line B of slope breaks extraction and generalised t& 4c2& mapping superimposed g
landform subclass.

PE10

Based on PEO8 output with Hammond landform classification legend applied &g SNI £t AASR (2 YI G0
Represents landform class and subclagsich in the case of this output are equivalent.

PE12

Based on PEO8 output with Hammond landform classification legendedpgtid generalised to match 1:Hehle. Slopéreak
layer obtained with the line B of slope breaks extraction and generalised to Kks2%le mapping superimposed on landfor
subclass.

PE13

Based on PEO08 output with Hammond landform classification legendedppid generalised to match 1:Hehle.

PE14

Based on peakheds with small polygons eliminated (line 1 of ppsicessing), characterised with min, max, mean, and rang
elevation and slope, clustered with Chebychev distances dntti\crossvalidation. Not posprocessed.

PE15

Based on peakheds with small polygons eliminated (line 1 of ppsicessing), characterised with maximum, range, first add
quantile of elevation and slope-fideans clustering performed with Chebychev distances afaldvcrossvalidation. Not post
processed.

PEL6

Based on peakheds intersected with slope breaks (Line A of slope break processing) with small polygons eliminated (|
postprocessing), characterised with min, max, mean, and range of elevation and slope, clustered with Chebychev dista|

v-fold crossvalidation. Not posprocessed.

Table7 List of landform maps based on physical entitieg. A yS ! ¢ 2F &f 2LJS 0NBI |
YSGK2R NBadzZ GAy3 Ay &aAiE WBXZNIARAFINS RO RRIFILIA @RIFA
GKNBES YI22NJ aft 2LIS 0 NXB I -précadsing flehofeS elimidatior? Gf polylgohse 3 2 y

smallerthan i INA R OSt fgamallet thaR 156.25hay(\$inimur legible area for 1:250k

mapping) into the neighbouring polygons.
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CODE

Description

HOO01

. FASR 2y K2Y23Sy@udah FKoée SROGaaldh yod 2Agéy  LINE
within objectslevel 1. Independent X S| ya Of dzZaGSNAYy 3 GAGKA
objects level 2 characterised with mean, rang& ahd 99" percentile of elevation, ang
mean, ' and 99" percentile of slope. No generalisation or smoothing applied.

HOO02

Based a HOO1. Independent-Keans clustering within each cluster of HOO1 based on |
3 objects attributed withmean, range, tand 99" percentile of elevation, and means'and
99" percentile of slope. No generalisation or smoothing applied.

HOO03

HOO06

HOO09

Based @ HOO1 with Hammond landform classification legend applied. Generalisg
Gl FYY2YRE YI LA Y3 &Parictld layerg Rre égiidigni & $aRdfor
subclassclass andype in the Hammond classification scheme.

HO04

HOO07

HO10

Based on HOOWith Hammond landform classification legend applied. Generalised tqg
000,000 mapping scale and smooth&articular layers are equivalent to landfosubclass
class andype in the Hammond classification scheme.

HOO05

HOO08

HO11

Based on HOO1 with Hammond landform classification legend applied. Smoothe
generalised.Particular layers are equivalent to landform type, class and subclass i
Hammond classification scheme.

Table8 List of landform datasetisased on homogenous objects.
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2.2.23 Assessment of landform classification outputs
2.2.2.3.1 Introduction to assessment of landform classification outputs

Landform classification daget obtained for the UK windowcluding benchmark datasets as well as
datasets based on homogenous objects and physical entities where assessed with two different
methods. Both methodsompared the landform maps i @1 £ A R (i A c@nbtituiet by vaiidhisi & €
soil, soilscape, and landscape maps. The list and short desosptibeach validation dataset is
provided inTable 9. Figure 10 shows the overview images of each dataset.

Number
Dataset name of Code Description
classes
FAOsoil map 22 VLO1 FAOsoil map at the scale of 1:25M.

. Created by Natural England and Engli
National Character 106 | VLO2 Heritage ?/n 2005, scalg unknown, 195
Areas )

1:10M assumed.
NATMAP 255 | VLO3 Soil associations map at the scale of 1:25(
NATMAPsoilscape 27 VLO4 Generalisation of NATMAP, 1:250k scale.
. Expert derivedsoilscapes based on NATMA
RCP regions 6 VLO5 scale unknown, 1:5M 1:10M assumed.
SOIL field from SGDBE dataset describe
i K Sull soil code of the STU from the 19
SGDBE SOIL 33 | VLO7 | odified CEC 1985) FAMNESCO S
[ S3ISyRé Ay GKS YSil
WRB_FULL field fromSGDBE datasg
described as thex C dzf f azAaf
SGDBEVRB_FULL 24 VLO8 from the World Reference Base (WRB)
{2Af wSaz2dz2NDSa¢ Ay
1:AM.

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

¢KS FTANRG FaasSaavySyd YSGK2R YIRS vides &methdd fon KS / NJ
comparison of maps of the same area that differ in terms of spatial distribution, size, number, and
YSFEYAYy3 0GKS £ S3SyRuO 2F (KS YILWLAYy3 dEomialal owSSaz
/ N YSND& =+ OF f Odzi thelakea yfdpolygobdNdseatam by iStétsection of pairs of

datasets.

Formula 1 o2
V= :
\/N 3 (min(n,m) - 1)

A O, = observed value
C?= aa (O, - E)?’/E '
I J

E; = expected value iith row andjth column
n m
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1108

FAO Soil Map (22)

3dVOSANV
/3dVOSTIOS

NATMAP soilscapes RCP regions (76) National Character Areas
1:250k (27) (106)

Figure 10 Overview images of validation datasetseNmt in case of the SGDBE, the SMU field
mapped in order to show the possible delineations provided by the dataldds® mapping scales «
the maps are shown where known and the number of classes is given in the brackets.

The second assessment methaimed 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:
OmM0O WaSyaArldAagrade (2 FAYRAYy3IaQ tAada GKFG 2NRSNJ
the prediction based on the value of reduction in entropy, and (2) error rate based on internal
Gt ARFGAZ2Y 2F (GKS Y2RStQa FTAYRAy3IaO®

Modelling was hsed on a point observation basis. The study area wassaunipled with points
located at a regular distance away of 540m and attributed with classes of validation and landform
datasets. Any nosoil classes and no data values were excluded from the asnalysi
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2.2.2.3.2 Results of assessment of landform datasets.

The run of Bayesian Belief Network$able 10)produced two types of results(Table 10)

the accuracy of preadtion of a validation dataseand 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 dataseSuchresults were not unexpected as thmajority of

the input datasets represented rather coarse delineations of #mediorms. 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 fidctor ¢ position in the landscape of the SCORPAN model.

Other SCORPAN factors such as solil, climate, organisms, relief, patenial or age where not
included in the analysis.

In terms of the importance of layers used to predict the NATMAP datdéisetdataset HOO2vas
indicated as the most important. It was followed by otHesmogenous objects baseldndform
delineations. Benchmark dataseterived withthe Hammond methodology with modified search
window shapes and the relief component were placeltively high in this list as well.

th'fsaetion FAOSOIl LCA | NATMAP sg?JsMcﬁDE RCP regiond SGDBE SOl SGDBE WRB FU
D Accuracy| Accuracy| Accuracy| Accuracy Accuracy Accuracy Accuracy
33.13% | 41.47% | 18.39% | 20.4% 39.78% | 23.96% 24.17%
1 HO03 | HOO03 | HOO02 HO02 HOO03 HOO04 HO04
2 HOO04 | HOO04 | HOO3 HOO5 HOO5 HOO5 HOO5
3 HOO5 | HOO05 | HOO5 HOO04 HOO04 HOO03 HO03
4 HO02 | HO02 | HOO04 HOO03 HO02 HO02 HO02
5 HOOL | BNO5 | BNO3 BN14 BNO5 BNO5 BNO5
6 BNO5 | HOOL | BNO5 PEO3 HOO1 BNO3 BNO3
7 BN13 | BNO3 | HOOL BNO3 BNO3 BN13 HOO1
8 BNO3 | BN13 | BN13 PEO6 HOO06 HOO1 BN13
9 HO06 | HO07 | HOO06 BN13 BN13 BN11 HO06
10 HOO07 | HOO08 | HOO08 HOO1 HOO07 HO06 HO08
11 HO08 | HO06 | HOO7 BNO5 HOO8 HOO07 HOO07
12 PEO9 | PE0O8 | PEO3 PEO4 PEOS HOO8 BN12
13 PEOS | PE0O3 | PEO4 PEO7 PEO4 PE06 PE06
14 BNOL | PEO4 | PEO6 BNO4 PEO3 PEO3 PEO3
15 PE1I0 | PE09 | BN14 PEO2 PEO09 PEO4 PEO4

Table D 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 dBfds&inds

for benchmark dataset, HQfor dataset based on homogenousjebts, and P based on physical
entities. The table shows the first I&ut of 43 tested datasets listed in order of importance in
prediction of validation datasets.
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Number 22 106 255 27 76 33 24
Dataset name of
classes | Code | VLO1 | VLO2 | VLO3 | VLO4 | VLO5 | VLO7 | VLO8
22 VLO1 0.6888 0.5899 0.3136 0.6764 0.4199 0.3887
106 VLO2 | 0.6888 0.4759 0.4015 0.6823 0.5099 0.5396
255 VLO3 | 0.5899 0.4759 0.9998 0.5593 0.5704 0.6034
Validation datasets 27 VLO4 | 0.3136 0.4015 0.9998 0.4343 0.4315 0.4272
76 VLO5 | 0.6764 0.6823 0.5593 0.4343 0.5083 0.5357
33 VLO7 | 0.4199 0.5099 0.5704 0.4315 0.5083 1.0000

24 VLO8 | 0.3887 0.5396 0.6034 0.4272 0.5357 1.0000

6 PEO1 | 0.3163 0.4697 0.4942 0.3631 0.4447 0.3548 0.3440
11 | PEO2 | 0.2861 0.4368 0.4422 0.3241 0.4098 0.3235 0.3112
12 | PEO3 | 0.2887 0.4472 0.4275 0.3085 0.4167 0.3151 0.3011
11 | PEO4 | 0.3172 0.4791 0.4588 0.3226 0.4506 0.3359 0.3216
Datasets based on physical 7 PEO5 | 0.3918 0.5725 0.5504 0.4067 0.5425 0.4213 0.4057
entities 21 | PEO6 | 0.2298 0.3423 0.4780 0.2361 0.3235 0.2456 0.2357
12 | PEO7 | 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
PE10 | 0.5073 0.7245 0.6392 0.4403 0.6748 0.4781 0.4628

HOO1 | 0.4609 0.6866 0.6273 0.4159 0.6431 0.4617 0.4367
36 HOO02 | 0.3217 0.4098 0.3874 0.2747 0.3698 0.2671 0.2932
21 HOO03 | 0.3303 0.5852 0.4780 0.2970 0.5043 0.3188 0.3000

Datasets based on
homogenous objects

10 BNO1 | 0.3563 0.5362 0.4835 0.3435 0.5005 0.3704 0.3530
15 BNO2 | 0.2573 0.4098 0.4100 0.2821 0.3875 0.2844 0.2762
55 BNO3 | 0.2691 0.2782 0.2824 0.2413 0.2589 0.2305 0.2576
78 BNO4 | 0.2116 0.1717 0.1897 0.2168 0.1622 0.1845 0.2090
40 BNO5 | 0.2740 0.3299 0.3083 0.2392 0.3022 0.2406 0.2648
48 BNO6 | 0.1197 0.1267 0.1548 0.1371 0.1181 0.1163 0.1313
8 BNO7 | 0.1799 0.2734 0.3135 0.2066 0.2614 0.2148 0.2062
12 BNO8 | 0.1697 0.2517 0.2904 0.2040 0.2423 0.2030 0.1955
16 BNO9 | 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

Benchmark datasets

Table TwSadz Ga 2F OIF f Odz |-G7\2ya 2F / N} YSNDa =+
datasets.
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The analysisof EryY SNDa + NBadz Ga o¢l 6f S MNATMAD 8hwwell tNak y 3 £ |
0KS K2Y23Sy2dza 202S0i0Ga oFaSR RIFGFaSG 1 hnu NBOSACL
dataset based on physical entities. The PE10 dataset obtained the highest score from all evaluated
datasets. The PE10 dataset, howeverid#id the landscape of the UK window into very broad

classes, whiclindicatedthat it generalised the contents of the NATMAP validation dataBetis a

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

2.2.23.3Recommendation 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:

1 comparison to NATMA®@the only dataset at 1:250,000 majygj scale matching the target scale
of the enhanced databasedza Ay 3 020K @I fARFGA2Yy YSHeRSMRAY / NI
result from Bayesian Belief Networks;

1 expert judgement taking into account the methodology of creation of a dataset as welatsl sp
distribution of mapping units;

1 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 PEB&ure 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
1:250000 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 distributibreal landforms.

The second recommended dataset wd®03(Figure 12)which scored second after HO02 in the
prediction of NATMARvith Bayesian Belief NetworksThis datasetwvas based on homogenous
objectshad a convincing distribution of mapping unétsd Hammond landform classification scheme
applied. The size of mapping units was too big for 1h250,000scale of the enhanced SOTER
database; nevertheless this dataset was considered a good alternative to traditional approaches for
the SOTER databasesmaller scales.
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Legend

Hammon classification scheme
TYPE, CLASS, SUBCLASS
I PHM, A3a, Plains_with_hills
[0 PHM. A3b, Plains_with_hills
PHM, Adb, Plains_with_high_hills
PHM, B5a, Plains_with_low_mountains
- OPM, C5¢, Open_low_mountains
TAB, Adc, Tablelands_with_considerable_relief
|| TAB, B4c, Tablelands_with_considerable_relief
[ 7B, BSc, Tablelands_with_high_relief

Figure 11 Dataset PEO6 recommendedtiier task 3.4 Integration.The uppetright image shows the overview of landform subclass in the UK window
the left-hand side image shows an extract of the study area with superimposed slope breaks at 1:250,000 mapping scale. The spmer igidipated by

hatching, lower slpes by dots, and the mislopes are shown as transparent.
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Legend

Hammond classification scheme

TYPE, CLASS, SUBCLASS

- PLA, A1a, Flat_or_nearly_flat_plains

- PLA, A1b, Flat_or_nearly_flat_plains

[[:] PLA, Alc, Flat_or_nearly_flat_plains

:| PLA, A1d, Flat_or_nearly_flat_plains

- PLA, A2a, Smooth_plains_with_some_local_relief
: PLA, A2b, Smooth_plains_with_some_local_relief
| PLA, A2c, Smooth_plains_with_some_local_relief
PHM, A3a, Plains_with_hills

PHM, A3b, Plains_with_hills

PHM, Ada, Plains_with_high_hills

PHM, Adb, Plains_with_high_hills

PHM, A5a, Plains_with_low_mountains

PHM, B3a, Plains_with_hills

PHM, B4a, Plains_with_high_hills

PHM, B4b, Plains_with_high_hills

| PHM, B5a, Plains_with_low_mountains

- OPM, C4a, Open_high_hills

|| OPM, C4b, Open_high_hills

: OPM, C5a, Open_low_mountains

: OPM, C5b, Open_low_mountains

. :] TAB, A3c, Tablelands_with_moderate_relief

" Kilometres :] TAB, A4c, Tablelands_with_considerable_relief
- TAB, B4c, Tablelands_with_considerable_relief

(IR T]

o

Figure 12 The dataset HO03 recommended for the task 3.4 Integration. Obtained delineations allowed for extraction ofharmigdeof landform classe
than in the PEQ6 dataset accordingtihe Hammond landform classification scheme. The differences in nomenclature between equivalent areas witr
and HOOQ3 datasets are caused by the use of the SRTM with very deep sinks filled in the application of the Hammond hegdD8dataset.
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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 enhar@®®TER 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 athé 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 Subtask 3.1.2 Bottonqup approach

2.3.1 |Bhanced 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 artefeleaned SRTM DTM (WP 1 Task 1.1):

Skeleton Lines

Channel Linegsynonym: drain lines, thalwg@re 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 Linegsynonym: sumiit lines, crest lines) are connecting the highest points on ridges or crests
or represent isolated peaks.

Breaks in Slopegrovide lines of significant convex and concave edges ("natural breaks") in slope
profiles. These break lines are often the bordes$i 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
classificabn. 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).
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2Wmdns AT (GKS& NB LRAyGAy3 SEFOGte Ay G(KS 21247

Flow Accumulation
Thecomplex 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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Figurel4 'Breaks in Slopes' for part of the Chemnitz pilot area
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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 ititatle 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 partarse'slope gradient' (Béhner & Kdthe
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 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.
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Figure 15 'Modified Soil Moisture Index' for part of the Chemnitz pilot area

TerrainClassification Index for Lowlands (T%)

The combined terrain parameter T&(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).
TClw parameterises several reliédrming processes and displaysspecially in flasloped areas and

in lowlands- a wealth of relief details. As the name implies the, ;@& one of the most important
parameters for terrain classificaticrespecially in lovand flat regions.

34



Report Deliverable No D7 e-SOTER

390000 00000 770000 770000 730000 720000 770000 780000 790000 500000 570000

=
g
3|
&
g
3|
&)
&
gl
g
5|

10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 110000 120000 130000

Figure 16 'Terrain Classification Index for Lowlands,(J@Ir part of the Hungarian pilot area
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Relative Altitude

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

of the weltknown 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 altitudeeiirh
neighbourhood stands for the local or regional erosion base, defined within a large search radius (e.qg.
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 oppasgi equally distant grid cells in the search radilise

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 dtiinder development. As the 'relative altitude' (see above) the roughness
is also a variant of the relief intensity but the results are not satisfactory yet.
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2.3.2 Terrain segmentation
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23. 3 Terrain <€Qeaosnsoirfpihcoagtriaopnhi ¢ Map s

¢tKS O2yOSLIi 2F GSNN}YAYy Ofl aaATAOI-RERYzOOA DS (6 YILIRE
0BESR 2y 3JS2Y2N1K2t23A0If (y26ftSRISP ¢KAA YSIya
2F GKS 3ISySaira 2F fIyRT2NX¥ao GSNNIAY dzyAlda FNRY

Pff IS2Y2NLIK2f23A0Ff LINPOSa4dSa NS RANBOVSIRY R2 K
adzNF I OS Aa y2i AYy@SNIAGESd 1'a | O2yaSljdsSyO0Ss (K¢
RSNAGIGA2Y 2F GSNNIAY dzyAGa A& adlrNIAy3I FTNRY SN2
LG 61 a 2NWBRyI{iFedaABl 38223420t AyTeaNzFebay i
DS2Y2NLIK23IANI LIKAO al LAY 2yS Ot aaAFAOFIGA2Y F2NJ NE
FYyR 2yS OflFaaAFTAOIGAZ2Y F2NJ FNBlFra 6AGK SiErd2 y st A
Yyaaiafte y2G ardAra¥Feiryd FyR (GKS 02yO0SLIi KIR (42 o068
CAJdWzME26a (KAA LINRBOfSY F2NJ I LINLG 2F GKS / KSYYyA
G GKS 02NRSNIAySa o0Si6SSy INBFra 2T Q2yaF2AR AT
AyO2yaAraiGSyOArAsSa o0SGoSSyAyi SANMNIA ¢ LIk ¥ RESEISIRBIE @Mk iR
382t 23A01f YI Lo

LyadSIFIR 2F dzaAy3a LI NBYyG YFGSNRAFE (GKS DS2Y¥Y2NLK2 3|
f SPSt GSNNIAYy dFpasdShobboapuaygRI NEf RPBIS20AF GSR 4.
&4 LI NByd YIFIGSNALFE FyR b{t2LSab ¢gA0GK O2yaz2f AR
YIye SEOSLIiA2ya (2 (KAE KeLRGKS&aA&OD

¢tKS YSUiK2R TF2NJ 0KS RAFTFSNBHFIWIEZWARY o0BABRSY¥YybhAGKIS
Y2NLIK2YSUGNRAO GSNNIAY LI NIFYSGSNI beSHBHPAY2 / REKAGAF:
0SG6SSy bCtliiab FYyR b{f2L3a (K3, TAAE SHS fiif K NISAAIKIRAL yRT
YR 6AYR2¢ INBlIad ! RRAGAZ2yLFtt& Ftrda | NS at AAYA (G S
GSNE FESEAOGES GSNNIAY LI NIp2Nd SN YdZ0K dxBS (6 SN HKE |
IN) RASYHIMPK DBRESIZINGE  8aAFAOIGA2Y AyiG2 bph@bliab FyR b

39



Report Deliverable No D7 e-SOTER

CAIdNNB Hn ! NBlFa sAGK O2yaz2f ARFGSR FyR dzyO2yazf A
Hnnco

CAIdaWBt I (&b BY RRDHIIRYLBERFKIR Loe 3INI RASY D
40









































































































