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Abstract

This study applies digital analysis methods of topographic data derived from
digital elevation models (DEMs) and Landsat remotely sensed spectral data us-
ing GIS tools to evaluate the quality and limitations of the morphometric pa-
rameters (terrain attributes: TAs). This aims to check its suitability for digital
soil mapping (DSM) and survey in urban areas at the target scale 1:50,000. This
scale represents the standard scale level for compiling soil inventories within
all German states. The study is conducted on an urban area of 112.68 km” in the
southwest part of the state of Berlin in Germany. These relief units are the basis
for determining the soil mapping units at the scale of 1:50,000. The generated
preliminary soil map was compared to soil maps made using traditional soil
survey methods. For the mainly natural soils, the equivalence area is 94.91%, and
for the anthropogenic soils, the equivalence area is 95.34%. The proposed me-
thodology is adequate for preliminary mapping of soil units based on the digital
derivation of TAs. Landsat scenes are spatially explicit, physical representations
of environmental covariates on the land surface. The free DEM-ASTER in com-
bination with Landsat OLI images is found to be the appropriate model to represent
the terrain surface and derive the TAs for environmental modeling and fitting
of derivation the relief units and their topography features. However, the 30 m
spatial resolution and the fairly coarse spectral resolution of DEMs and Land-
sat images limit their utility for digital soil mapping at this scale in urban areas
with little topographic variation.
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1. Introduction and Problematic

The soil is an essential lifeblood of human, animal and plant life. It is a valuable
non-renewable resource that exists throughout the World in a broad diversity. Dif-
ferent types of soil exhibit diverse behaviour and physical properties.

In urban agglomerations like Berlin, the soil fulfills particularly different func-
tions, however it is a scarce property, which is not increasable. Therefore, it is
imperative to minimize the use of urban areas to maintain soil functions and qual-
ities to sustain the ecosystem and human beings [1] [2] [3]. In order to meet the
legal requirements of soil functions protection according to the German Federal
Soil Protection law (BBodSchG), detailed knowledge of the soil mapping to the
urban soils is absolutely necessary. It has been recognized that the quality of the
land suitability assessment and the reliability of land use decisions depend large-
ly on the quality of soil information used to derive them [4] [5] [6] [7]. For this
purpose, soil surveys, such as digital soil mapping (DSM), are the main source of
information for sustainable soil protection and land-use management.

Previous studies have investigated the topic DSM und survey [3] [7]-[31]. Over
the last two decades, a number of methods have been developed based on the
GIS-supported analysis of relief data and satellite imagery, with the help of which
it is also possible to contribute pedological expertise and to use a real available
information on the various target scales. In recent years, DEMs and relief para-
meters (digital terrain data), which are derived from them, have also been used
for soil mapping and for soil feature prediction [3] [8] [12] [13] [14] [15] [27] [32]
[33] [34] [35]. The derivation and use of relief attributes, as well as the relation-
ship between soil and relief, are also of particular importance in this work.

In the case of classical soil mapping, the understanding of the mapper is used
through the land-landscape relations to produce soil forms maps or soil types maps
[36]. The great advantage of this investigation strategy is that it requires a relative-
ly small sample effort. However, it is in a position not able to display continuous
transitions and does not provide any information on the spatial variability of indi-
vidual soil properties. Furthermore, the traditional methods of soil survey on the
terrain and the laboratory analyses are expensive and time consuming due to the
large number of observations. At the same time, advances in computer and infor-
mation technology have introduced new group of tools, methods, instruments and
systems, which offer new possibilities for obtaining relevant digital surface data to
the soil, for incorporating these data into the structure of a soil information sys-
tem, to carry soil mapping comprehensive, cost-effectively and in a shorter time.
For example, rapid developments in new technologies such as Remote Sensing
(RS) and Geographic Information System (GIS) provide new approaches to meet
the demand of resource related modeling [4] [6]. With the increasing availability
of spatially explicit digital data, such as remotely sensed spectral data and digital
elevation models, and the hardware and software for processing and analyzing
vast amounts of spatial data, can be quantitatively predict soil distribution on the

landscape.
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In recent years, thematic mapping has undergone a revolution as the result of
advances in geographic information science and remote sensing. For soil map-
ping archived data is often sufficient and is available at low cost. [37] stated that
integration of Remote Sensing within a GIS database can decrease the cost, re-
duce the time and increase the detailed information gathered for soil survey. Both
data sources, the satellite images and the digital elevation model (DEM) have world-
wide coverage, and definitely help to characterize the soil forming environment.
Particularly, the use of digital elevation model (DEM) is important to derive ter-
rain attributes of landscape that are utilized in land forms characterization
[12] [38], DEM quantitatively represents the continuous variation in the land-
scape relief characterization [8] [39]. Therefore, terrain attributes (TAs) derived
from digital elevation models (DEM) are being increasingly used as auxiliary
covariates in the spatial prediction of soil classes (units) and properties [40] [41],
due to the high ratio of TA with soil genesis and the wide availability of DEMs
[42] [43].

DEM can be manipulated to provide many kinds of data that can assist the
soil surveyor in mapping and giving a quantitative description of landforms and
of soil variabilities. It provides greater functionalities than the qualitative and no-
minal characterization of topography. The local landform or relief, represented through
DEM, has a major impact on soils by controlling water and sediment movements
[27] [44], together with other factors, such as parent rock. By itself, the DEM can
yield maps of slopes, aspects, rate of change of slope, drainage network on cat-
chments areas [3] [38] [45].

The derivative products from DEM, such as elevation, slope, exposition, aspect
and curvature which through histograms or reference areas allow to compare with
traditional soil map [46], as well as to make rules that will be applied to a DEM
[42]. Both reference areas and histograms need a wide knowledge of the study
area to delineate samples [47] or to classify soils. These derivative products can al-
so be used with the Landsat TM images to improve their capabilities for soil map-
ping [48].

Reflectance and emission data can be analyzed to extract information about
the Earth and its resources, as the physical and chemical properties of different
surfaces vary across the electromagnetic spectrum. Satellite-derived remote-sensing
imagery from a particular sensor has a wide range of spectral and spatial proper-
ties. Spectral resolution refers to the number of spectral bands and the width of
the electromagnetic spectrum sensed in each band. Spatial resolution refers to the
area on the ground represented by an individual pixel. Spectral bands with con-
trasting spectral characteristics for the minimum area (pixel size) on a given sur-
face can be compared to differentiate features on the Earth’s surface [26]. Visible
and shortwave infrared (SWIR) bands of Landsat Multispectral Scanner (MSS) and
Thematic Mapper (TM) data have been extensively used for terrestrial Land cover
analysis since the Landsat program began in 1972 [49] [50].

Landsat spectral data represent real physical properties and useful environ-
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mental covariates on the land surface can be derived for vegetation (e.g., norma-
lized difference vegetation index, fractional vegetation cover), soil, and parent
material and/or soil (e.g., band ratios diagnostic for natural and anthropogenic
materials), and their quantitative relationships used to predict soil distribution.
Therefore, Landsat remotely sensed spectral data can serve for digitally mapping
soil distribution on the landscape. In this context, in this context, the advan-
tage of remote sensing data: the fast collecting, wide availability and low expense
are efficient in digital soil mapping in contrast with terrestrial survey and field
works.

In areas with sufficient relief, topographic data derived from digital elevation
models (DEMs) can also be combined with Landsat-derived environmental co-
variates in the GIS-environment to quantitatively model soil distribution on the
landscape [26]. These digital data can be analyzed using commercially availa-
ble image processing software. Various classification and analysis methods (e.g.,
optimum index factor, principle component analysis, and unsupervised and su-
pervised classification) can be used to recognize meaningful soil-landscape pat-
terns.

Training sites for DSM can be selected from existing soil surveys or from areas
that have actual field data collection points. Accuracy assessment of the delinea-
tion of the relief units and the corresponding soil units can be performed by com-
paring with traditional data derived from field survey, and various classification
methods can be used to generate estimates of prediction error.

This study applied a digital pedological mapping methodology using mor-
phometric parameters (terrain attributes TAs) and GIS tools to represent the
terrain surface and drive TAs, as an alternative and improved method for map-
ping soil patterns in urban areas. The purpose of this study to apply methods of
digital relief and satellite image analysis in a test area in the city area of Berlin to
evaluate the quality and limitations of free DEM data in DSM in the target scale
1:50,000, with regard to the scale of freely available DEMs compared to a soil
maps obtained by a traditional survey. The study area covers the entire area of
the topographical chart Berlin-Zehlendorf, scale 1:25,000. The study contributes
to improve the understanding of the influence on soil formation and distribu-
tion, guide the pedologists in their fieldwork and augment their understanding
of the soil-landscape relationship. In addition, the applied procedures can be
understood as a step before, an approach to improve traditional surveys in order
to generate soil maps in reasonable time and to produce better and more useable

results.

2. Study Area
2.1. Location, Demarcation and Climate

The study area is located in the Southwest part of the city of Berlin. Its borders
range from 52°23'55.77"N to 52°09'09.45"N, and 13°1929.45"E to 13°28'46.10"E.
Its covers an area of 112.68 km” (Figure 1). Due to the location of Berlin in the
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Figure 1. Location map of the study area, analytical DEM (left) and false colors composite of Landsat TM image (band 6-5-4 as

RGB) (right).

North European Plain, Berlin is influenced by a temperate seasonal climate. The
city is located in the temperate climate zone with humid continental climate.
The average annual temperature in Berlin-Dahlem is 8.9°C and the average an-
nual precipitation is 580 mm. The warmest months are July and August, with
average temperatures of 18.2°C - 19.1°C while the coldest month is January, with
average temperature of 0.6°C. Berlin’s built-up area creates a microclimate, where
heat is stored by the buildings. The temperatures can be up to 4°C higher in the
city than in the surrounding areas. Elevation in the study area varies from 116 to
30 m above sea level and generally decreases from Northwest to Southeast. The
major Land use and land cover in the area are built-up (residential and commer-

cial settlements and road) 34.90 km? green and open areas 36.62 km? forest
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31.14 km?, agricultural land 2.24 km* and water bodies 7.78 km’.

2.2. Natural Differentiation, Geology and the Starting Material

Berlin is located in the middle of the young moraine zones of North Germany
between the Baruther and the Eberswalder glacial valley. Its surface forms are the
result of the coverage of the Weichselian inland ice of the Pleistocene period. There-
fore, the resulting glacial basic framework of the relief was subsequently mod-
ified by periglacial and Holocene geomorphologic processes.

Characteristic of the study area are the melt water channels and plateaus of
ground moraines. During these cold periods, different materials were deposited (fine
sand, middle sand, coarse sand to gravel, gravel with boulders and washed-out re-
mains of ground moraine). The study area is situated on the plateau Teltow in city
area of Berlin. This plateau represents the glacial accumulations (boulder clay or
moraine clay) of the ground moraines (ground moraine areas). The ground ele-
vations average is from 40 to 60 m above sea level and generally decreases from
Northwest to Southeast. Individual heights rise above the sea level in the area up
to over 100 meters. For instance, the highest mountain of Berlin-the Teufelsberg
(“Devil’s Mountain”) with 114.7 m, is piled up debris from the Second World War.
The starting rock for soil formation, which reflects the natural-spatial differen-
tiation of the city area of Berlin, is determining for the soil types. The boulder loam
(glacial loam) and boulder clay of the ground moraine, which are composed of
mostly loamy to very loamy sand and contain about 20% of lime content, are pre-
dominantly found on the plateau of study area [51]. Boulder sands dominate part-
ly in the study area. In the case of boulder sands (glacial sands), these are predo-
minantly medium sand to slightly silty fine sand below 10%. Sea chalks are found
in the melt water channels and fine flying sand (wind-borne sand) in the dunes.
The debris or accumulations of technogenic substrates are often used as coarse
rubble material [51]. As a result, semi-natural and anthropogenic soil types are
alternating in the study area. Therefore, the area is characterized by a high hete-
rogeneity of the relief and the initial substrate and thus also of the soils (Table 1,
Figure 2).

3. Material and Methods

The investigations are mainly based on digital datasets. According to the target
scale of 1:50,000, Landsat 8-TM satellite Data with a geometric resolution of 30
m X 30 m were used. From a series of image scenes, the images that are most
suitable for the research question, was chosen with the recordings of 07.06.2013,
21.02.2015, 10.04.2015 and 20.07.2017. The selection of these images takes into
account the vegetation coverage and the soil moisture content. Thus, the selected
scenes had little vegetation cover and minimal effect of the surface roughness
during time periods and the very low soil moisture content at other periods. As
digital relief data, ASTER-DEM data with spatial resolution of 30 m were also
available. ASTER-DEM provides higher elevation intervals than other remote
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Table 1. Relation of relief, substrate and soil type in the investigation area (simplified ac-

cording to [51]).

Relief unit

Predominant soil type
Soil classification
according to WRB (2014)

Typical starting substrate

Flood plain of the
river (river flat)

Glaciofluvial melt
water channels

Ground moraines
plateau

Sand plateau
(dunes)

Warsaw-Berlin
glacial valley

Artificial structure
(sand, industrial
demolition,
building rubble)

Cambisols
Eutric Histosol

(lower bog) Fluvisols

Regosol
Calcaric Regosol
Cambisols (brown soil)
Hortisol (horticultural soil)
Gleysol Gleysol-Calcaric Regosol

Cambisols (brown soil)
Gleysols
Eutric Histosol (lower bog)

Cambisols (brown soil)
Gleysols-Cambisols
Dystric Cambisols-Cambisols

Regosol
Calcaric Regosol
Hortisol (horticultural soil)

Hortisol (horticultural soil)
Necrosol
Cambisols (brown soil)

Calcaric Regosol
Loose Lithosol
(raw soil of loose material) Regosol

Regosol
Gleysols-Regosols
Loose Lithosols
(raw soils of loose material)
Cambisols (brown soil)
Dystric Cambisols
(rusty brown soils)

Necrosol

Dystric Cambisols
(rusty brown soils)
Regosol
Colluvial Cambisols (brown soil)
Gleysols

Calcaric Regosol
Regosol
Loose Lithosols
(raw soils of loose material)

Loose Lithosols
(raw soils of loose material)
Regosol
Calcaric Regosol
Lithosols

Flying sand
(wind-borne sand), peat

Loamy sand (glacial sand)

Boulder loam (glacial loam),
boulder clay (glacial clay)

Boulder clay (glacial clay), partly
rubble or accumulations of sand

Loamy sand (glacial sands),
boulder clay (glacial clay)

Loamy sand (glacial sands),
boulder clay (glacial clay),
building rubble

Loamy sand (glacial sands)

Loamy sand (glacial sands)

Loamy sand (glacial sands),
boulder loam (glacial loam)

Valley sand, partly rubble or
accumulations of sand

Rubble or accumulations of sand,
industrial demolition,
building rubble
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Figure 2. Relief structure of the study area: overlapping of relief derivatives elevation, slope, vertically curvature (RGB).

sensing data [39]. Furthermore, a number of reference information from digital
Environmental Atlas of Berlin could be used for the study area: Digital soil map
1: 50,000 (2010), geological maps 1:10,000 (1990) and 1: 50,000 (2016), soil eval-
uation map 1: 50,000 (2013), Topographic map 1:25,000 (2007) and 1:50,000
(2008) and Land use plan 1:50,000. In addition, large-scale soil maps (1:5000 -
101,000, 2008) for parts of study area were also used.

The delineation of the land features from the satellite data needs a high spatial
resolution images; therefore, the spatial resolution of the used Landsat 8 (Opera-
tional Land Imager-OLI) was enhanced through the data merge process. This
process is commonly used to enhance the spatial resolution of multi-spectral
datasets using higher spatial resolution panchromatic data or single band (band
8 of Landsat 7 and 8) [30]. In this study merged data were performed using mul-
ti-spectral bands (30 m) as a low spatial resolution with panchromatic band 8 of
OLI image as a high spatial resolution (15 m) resulting in multi-spectral data
with high spatial resolution (15 m). The use of Landsat images allow to estimate
meteorological conditions during and before the recording, to recognize the re-
lief elements (for example, of V-shaped and flat-trough valleys) and to determine
substrate-related and phenological differentiation of the stock of the agricultural
and forest areas. Therefore, the procedures of data pre-processing and the su-
pervised and unsupervised classification as well as the relevant Indices were ap-
plied on individual scenes using Software ERDAS imagine 10.1 and ArcGIS 10.4
(Table 2).
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Table 2. Applied methods of satellite image processing.

Principal component analysis
Tasseled Cap-derivatives brightness, wetness and greenness
Data preprocessing NDVI (Normalized Difference Vegetation Index)
SWCI (Soil Water Content Index)
SBI (Soil Brightness Index)

Supervised classification Maximum Likelihood classifier

Unsupervised classification ISODATA-Clustering

The data extracted from the OLI images depend upon the image texture, parce-
ling, pattern, shape, size, color, site and situation. The soil map’s legend of study
area was converted to World Reference Base for Soil Resources (WRB) of [52]. The
origin of soil deposits (starting rock for soil formation) and initial substrate were
extracted from geological map of the study area. The remotely sensed data and
soil map were geometrically rectified to a common Universal Transverse Mercator
(UTM) coordinate system optimally enhanced and histogram matched to be com-
parable during the visual interpretation through ERDAS imagine and ArcGIS soft-
ware.

DEM-ASTER (Advanced Spaceborne Thermal Emission and Reflection Ra-
diometer) (resolution 30 m), obtained from the active sensor database ASTER
GDEM v2 (version 2 of Global Digital Elevation Model), available for the entire
globe, of the United States Geological Survey (USGS). The DEM-ASTER data
has been used in conjunction with controlled OLI Data to provide a better visua-
lization of the terrain in the study area. In addition, this 3D presentation of the
landscape of study area is required to visualize the soil and relief elements rela-
tionships, where the maps of the topographic features (ie surface elevation,
slope, aspect, shaded relief, convexity and soil moisture content) were generated
using ArcGIS software. Accuracy of elevation data, number of analyses and ex-
tent of spurious depressions of the DEM were compared, as suggested by [53], as
well as the quality of the derived TAs. These TAs were chosen for being directly
related to water movement in the soil, with an influence on the soil formation
process [8] [16] [39].

The resulted maps were spatially smoothed for the eliminating the speckle ef-
fects with the “majority-filter” (3 x 3 pixels) and were represented using the
“Focal Flow” function in ArcGIS. The DEM data and the maps of classes surface
elevation, slope and shaded relief of the study area were shown on the Figure 2.
The topographical map 1:25,000 was used for the interactive digitalization on the
screen to increase the resolution of the limitation of relief units on the DEM, in
particular in the sink areas and in horizontal and vertical slope.

The joint interpretation of all the maps and the overlay function were used to
determine the physiographic units and the digital soil map. The colour hill shade
relief map with slope classes was produced by overlying the final classes maps of
the topographic features of study area in order to define physiographic units (re-

lief units) (Figure 2). The produced slope class map was overlaid to colour com-
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posite and classified Landsat images of the studied area to delineate soil bounda-
ries and other land features. The maps were reclassified and converted to shape
files. In the shape file format, the intersect function was applied to the maps to
generate the preliminary digital soil map. The final preliminary soil map, derived
from DEM and OLI Images, was compared with the original soil map of digital
Environmental Atlas of Berlin, which was generated by traditional soil mapping
and has many physical and chemical properties stored in its database (Figure 3
and Figure 4).

4. Result and Discussion

The results of applied digital relief and satellite image analysis were checked in
terms of their suitability for soil mapping in the target scale 1:50,000, which represents
the official scale level for compiling soil inventories within the German state of Ber-
lin, as well as in other German states.

A statistical check of the evaluations of digital mapping of soil boundaries was
also made, since the acquired surface data in the traditional soil map represent
soil associations (Table 3). The delimited homogeneous relief units on the DEM,
which were limited by the ArcGIS program, are reflected in the soils units of the
original soil map 1:50,000 (compare Figure 2 and Figure 3). The final prelimi-

nary digital soil map was the compared with original soil map using the “intersect”

382000 384000 386000

376000 378000 380000

Py

Soil types

Cambisols (crown soil)
Gleysols-Cambisols

Dystric Cambisols-Cambisols
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’ Dystric Cambisols (rusty brown soils)
" Regosol

Gleysols

Cambisols (brow soil)

Eutric Histosol (lower bog)

Fluvisol

Gleysol

Regosol

Calcaric Regosol
Cambisols (brown soil)
Hortisol (horticultural soil)
Gleysols
Gleysols-calcaric Regosol

e

Hortisol (horticultural soil)
Necrosol
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Necrosol

Calcaric Regosol

Loose Lithosol (raw soil of loose material)
Regosol
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o=
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Figure 3. Digital soil map derived from DEM and OLI images.
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Figure 4. Original soil map of digital environmental atlas of Berlin elaborated by traditional soil mapping.

function (Figure 3 and Figure 4). With the DSM, six soil associations formed on
six different relief units were identified and mapped in 26 mapping units. The
soils of mainly natural litho- and pedogenesis were formed mainly on deposits of
glacial loam, glacial clay and glacial sands. The soils of anthropogenic were formed
mainly on deposits of glacial sands, glacial clay and accumulations of industrial
demolition and building rubble (Table 1).

Table 3 shows the equivalence areas of six soil associations on the digital soil
map and the traditional soil map. For the soils of mainly natural litho- and pe-
dogenesis, the equivalence area was 94.91%, and for the soils of mainly of anth-
ropogenic litho- and pedogenesis, the equivalence area was 95.34%. However, at
the level of soil associations the soils of mainly natural litho- and pedogenesis
have small equivalence areas compared to the soils of mainly of anthropogenic
litho- and pedogenesis. Figure 4 represents the results for this soil type. Table 3
shows that 50.26% of the study area was classified in the digital soil map as mainly
natural soils: 9.01% as soils of the association (1), 33.65% as soils of the associa-
tion (2) and 7.60% as soils of the association (3).

The soil of the association (1) was confused with the soil of the association (2)
in the higher altitude, because both occur at the same altitude and have similar
morphometric characteristics, which proved to be a limitation in the proposed

approach. Comparing Figure 3 and Figure 4, in the lower altitude areas, the soil
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Table 3. Comparing the soil associations of DSM with soil associations of the traditional
soil mapping.

Soil map of .
Equivalence

area

Classificati £ Soil map ..
assilication o Soil Predominant soil type of DSM traditional

soils according to ; ;
; 810 sssociation (WRB) soil mapping

their genesis

% % %

Cambisols (brown soil)
Gleysols-Cambisols
Dystric
Cambisols-Cambisols

9.01 21.21 42.43

Loose Lithosols (raw soils
of loose material)
Colluvial Cambisols
(brown soil)

2 ) ) 33.65 20.97 40
Dystric Cambisols

Soils mainly
natural litho- and
pedogenesis (rusty brown soils)
Regosol
Gleysols

Cambisols (brown soil)
Eutric Histosol (lower bog)
. 7.60 5.65 65.47
Fluvisol

Gleysol
50.26 47.83 9491

Regosol
Calcaric Regosol
Cambisols (brown soil)
4 . . i 31.58 24.78 72.55
Hortisol (horticultural soil)
Gleysols

Gleysols-calcaric Regosol

Soils of Hortisol (horticultural soil)
anthropogenic Necrosol
5 0.2 0.93 21.50
litho- and Cambisols (brown soil)

pedogenesis Necrosol

Calcaric Regosol
Loose Lithosol
(raw soil of loose material)
6 19.19 26.46 72.50
Regosol
Lithosols

Gleysols-Regosol

49.74 52.17 95.34

of the association (4) were overestimated in the southeastern part, where it was
confused with the soil of the association (1). Table 3 shows that 49.74% of the
study area was classified in the digital soil map as anthropogenic soils: 31.58% as
soils of the association (3), 0.2% as soils of the association (5) and 19.19% as soils
of the association (6). The soils of association (5) are located in the lower part of
the study area. This area had previously been underestimated, where they had
been confused with the soil of the association (2) and the soil of the association

(4). In the lower altitude areas with smaller declivities and concave forms near
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reveres and the water channels, the wetlands with hydromorphic soils predomi-
nate, and it confused with the soil of the association (2) (Figure 3 and Figure 4).

Each relief unit represents in the study area an average vertical and transverse
curvature. The Euclidean distance is used as a measure of the separability of the
relief units. The definition of the respective parameter settings is based on the
expert’s experience and expertise. These results are in line with results of [39] and
[41], who showed that DEM with a low variation in elevation values generated more
accurate prediction models of soil classes (units) with a higher number of homo-
geneous relief units.

In contrast to the creation of analog maps, all steps of the selection and mod-
eling process on the DEM are identifiable and verifiable. The ArcGIS program
offers the possibility to select and vary parameter settings and input data depen-
dent on the target scale. The degree of generalization of the results can be deter-
mined, especially with the determination of the number of classes (units) (Table
2). There are deficits in the overlapping areas of the high-altitude data of the to-
pographic map 1:25,000 as well as due to the low data density in horizontal and
vertical slope (flat areas of slope) apart from the vertical unit depth areas (com-
pare Figure 1 and Figure 5). In this context, the genesis of the slope areas played
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Figure 5. Homogeneous relief units and interactively indicated depth areas of valleys and
plateaus.
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an important role. According to study of [39], this can be also attributed to the
presence of vegetation at some points in the terrain, especially in the valleys, as-
sociated with the flat to gently undulating relief, was responsible for the poor
performance of DEM-ASTER. Due to their fluvial genesis, deep areas, in con-
trast to vertical and slope areas, which were influenced by periglacial and Aeo-
lian processes, usually have a recognizable vertical limitation. In order to deter-
mine the other relief units, such as plateaus and plateau edges, the relief analyses
method using ArcGIS led to a satisfactory relief classification of the study area.
The spatial differentiation corresponds to the topographical map 1:25,000 of the
study area.

In an evaluation of the accuracy of a DEM to determine the relive units for the
DSM, [54] observed the same behavior for the DEM elevation values obtained by
ASTER in an area in India. According to these authors, this is associated with
also the presence of vegetation, artifacts on the surface and the flat terrain;
DEM-ASTER data are particularly influenced by these factors, because the eleva-
tion data of this DEM are acquired by stereoscopy [55]. In another study using
GPS landmarks, the accuracy of DEM-Data was greater than that of the DEM
obtained from topographic maps (scale 1:50,000). These authors also observed
that DEM-Data (resolution 30 m) was more detailed in the representation of the
soil surface [56].

An increase in the plausibility of the boundaries of relief units on the DEM at
limited traceability could be achieved on the basis of the ArcGIS depth areas
(sink areas) by an interactive digitization on the screen with the addition of the
OLI scenes as well as the vertical curvature (Figure 5).

The analysis of the Landsat OLI images showed that only a visual interpreta-
tion brought meaningful results within a reasonable period of time (with less
vegetation coverage). The supervised and unsupervised classification methods
applied on Landsat OLI channels and their preprocessing products led to good
results in individual training areas. However, a transformation of these results to
larger areas or to the entire field of investigation does not have the same accura-
cy. This is different between the natural soils and anthropogenic soils. The post
processing effort was too high in terms of practicability. The reasons are likely to
be mainly due to the fact that the classified training areas did not meet the re-
quirements with regard to representativeness and homogeneity for the entire in-
vestigation area. These conditions ultimately apply only to a few farmlands, which
have not undergone uniform agricultural processing. In addition to substrate and
vegetation coverage, influence other difficult-to-handle factors, such as the type of
agricultural processing and the spectral signal [14] [57].

As a consequence, the program ERDAS Imagine was used to perform on Land-
sat OLI images of various vintages (different years) a visual impact masking of areas
of areas of relatively low and high reflection. This approach has at low traceabil-
ity and plausibility of the boundaries of relief units the advantage to be applied
over the entire investigation area with high content plausibility, independent of

substrate heterogeneity and vegetation coverage (Figure 6). The inclusion of several
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Brightness, greenness, wetness for the visual interpreted areas 1, 2, 3 and 4.

Figure 6. Principle of the visual interpretation of soil-relevant contours and their relationship to relief, soil and substrate con-

ditions.

satellite image scenes makes it possible to use the advantages of the respective
season with regard to the imaging properties. Moreover, stable soil patterns can
be approached according to many studies [13] [27] [28].

The TAs are directly related to erosion and deposition processes, the speed of
surface flows, reflected in the soil erosion rate, residual water content in the soil
profile and soil formation processes [16]. In DSM studies, these TA are used to
build predictive models of soil classes (units) and properties, and in this case,
values that do not adequately represent the soil based on applied digital relief
and satellite image analysis can compromise the performance of the DSM [42].
Thus, DEM-based DSM studies should take the DEM quality into account and
its range to minimize the error distribution in the resulting TAs. Moreover, this
information can be an orientation in future studies of DSM in areas with these
characteristics. The adjustment of a DEM to a scale enables the development of
future studies like digital mapping of properties with higher quality and reliabil-
ity of the resulting information.

The results this study showed that the free DEMs obtained by remote sensing,
with resolution 30 m, could be used at scale of 1:50,000. However, the use of DEMs
is more limited in areas with little topographic variation. According to [58], these
DEMs were constructed to provide terrain data on a global scale, ie., for appli-
cations in large areas, at scales between 1:100,000 and 1:250,000. Limiting factors

are the high time and cost demand to obtain the TS.
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5. Conclusions

Results of the investigation carried out demonstrate that digital relief analysis,
DEM and satellite image evaluation using GIS have great relevance for the DSM
of a target scale 1:50,000. The proposed methodology was adequate to identify
types of soils. The Homogeneous relief units and interactively indicated depth
areas along with their limitations are of special importance for comprehensible
contour finding respectively demarcation of the borders of corresponding of soil
units.

The satellite images used are only conditionally suitable for the spatial deline-
ation of soil relevant contours, but the DEM-data used are more suitable for this
purpose. The prerequisite is a multi-temporal evaluation, which can lead to sta-
ble patterns. At the same time, their strength lies in the content-related potential
of the assessment of the inner heterogeneity of spatial units.

A simple method of the spatial and contextual integration of different infor-
mation sets is the “intersect” function in GIS. For example, intersection of the ho-
mogeneous relief units with the large and medium-scale soil and land uses maps,
which lead to the formation of smallest common geometries. At the same time, it
should be noted, that the product of the intersection in GIS is characterized by a
large number of small-sized areas, which fall below a reasonable minimum area
size for the target scale 1:50,000. Thus, they no longer are in relation to the dis-
tribution of the soil forms. In addition, the intersection of information layers of
different traceability led to an overall loss of traceability. One possibility to ob-
tain spatial units of a true-to-scale size, for example [59] presented, that the in-
tersection product of Landsat Images derivatives and digital relief was subjected
to subsequent filtering with regard to redundant information.

A further possibility of the spatial and contextual integration of spatial data is
the formation of common, spatially defined basic geometries. The area units are
understood as spatial objects, which can be occupied with a surface data set or
attributes in a subsequent step. In this way, it is possible to carry out an inte-
grated relief and satellite image evaluation and to reach an expansion the map-
ping units in the sense of [60] and [61]. According to this, a land map is only a
“view” or evaluation method on the database of an areas data bank. The integra-
tion of further location parameters, such as land use and land cover, finally leads
to use differentiated soil forms associations.

Thus, DEM-based DSM studies should take the DEM quality into account and
its range to minimize the error distribution in the resulting TAs. Moreover, this
information can be an orientation in future studies of DSM in areas with these
characteristics. The adjustment of a DEM to a scale enables the development of
future studies like digital mapping of properties with higher quality and reliabil-
ity of the resulting information. In order to produce a detailed soil map using
this methodology, additional fieldwork is necessary. Because the soils are a func-
tion of five formation factors: parent rock, relief, vegetation, climate and time.

Finally, according to many studies in DSM, as also noted in this study, the
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DEM-ASTER with a spatial resolution of 30 m fitted to a scale of 1:50,000 for
DSM in both initial soil survey and soil survey updates in urban areas with high
topographic variation. In Addition, ASTER imagery and Landsat data can be as
useful in digital soil mapping predictive models. This scale has high terrain detail-
ing in the urban areas and is not recommended for use in semi-detailed DSMs in
small areas with relief variation. This 30-m spatial resolution may limit some spa-
tially detailed soil mapping applications.

The results proved that in order to get the best results for the use of the DEM
in DSM, it is necessary to assess the DEM quality by additional indicators, aside
from elevation. It is also necessary to use additional data such as satellites spec-
tral data and ancillary data under the results of this study. The GIS based soft-
ware is user friendly and can easily support necessary procedures for digital soil

mapping and survey works.
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