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Soil erosion mapping with the aid of aerial 
photographs tested at Pastovce, 

Ipeľská pahorkatina

Abstract

The major objectives of this study are the preparation of a soil erosion map 
of the Pastovce study area, the testing of the suitability of digital colour aerial 
photographs for erosion mapping and the investigation of the relation between 
the erosion spatial distribution and relief. The study site is composed of one 
large-scale agricultural plot (66 ha) with a sloping landscape of intensively agri-
culturally exploited loess hilly land covered by Haplic and Luvic Chernozems 
and Calcic Luvisols, situated in Western Slovakia. The identification of erosion 
patterns is based on the colour difference between the topsoil and subsoil. Two 
colour orthophotomaps were used. The delineation of the eroded patterns was 
performed by mathematical classification. The results show that the area is sig-
nificantly eroded. The strongly eroded soils (Haplic Calcisols) occupy 13.8 % 
of the study area. Other parts are affected to various extents. The relationship 
between the erosion spatial distribution to relief was also analysed. Two versions 
of DTMs with different smoothing levels were calculated. Standard morpho-
metric variables (slope, aspect, tangential curvature, profile curvature, geomet-
rical forms, upslope contributing areas) and erosion/deposition factor calculated 
by the USPED model were examined. The results showed that the correlation 
of erosion patterns is poor. The main reasons are the impact of microrelief, 
which could not be expressed by smoothing DTM models, and tillage erosion, 
which does not responds to topography in other manner than runoff and water 
erosion. Moreover, the land use history, which is unknown to large extent plays 
an important role in erosion distribution. In the future, the use of an unmanned 
aerial vehicle (UAV) would be very helpful for similar studies as it would allow 
for operational programmes of taking aerial photos to prepare the best input 
data for representing the optimised time selection and detailed data of micro-
relief forms.   

Keywords: erosion mapping, erosion pattern, bright patches, aerial photo-
graphs, remote sensing, USPED model 
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Introduction

The investigation of spatial variability of eroded soils provides important 
background information for the successful implementation of sustainable and 
effective land management. Erosion patterns should be expressed by land eva-
luation maps for decision making in land management practices, crop rotation 
and implementation of properly targeted and efficient land conservation strate-
gies and programmes. High quality and detailed soil erosion maps can be useful 
for precision farming because eroded soils have significantly reduced production 
potential. Moreover, erosion maps are useful for a wide range of environmental 
studies, including integrated watershed management, runoff and flooding pre-
diction and control and geomorphological studies of relief dynamics. Precise 
patterns and acreages of particular eroded soils are useful for land taxation, land 
price determination and implementation of national and EU land management, 
agriculture and environmental policies, such as agricultural subsidies, identifi-
cation of least favourable areas, rural development programmes, etc. 

The another obstacle for erosion mapping is the high cost of field surveys. 
The increasing price of man labour over the last decades has resulted in the very 
high cost for soil surveys, as a large number of highly educated, well-trained 
and experienced staff would be needed. For this reason, an optimal solution 
of this problem can be provided by remote sensing. Moreover, remote sensing 
implementation in the soil erosion research can provide many other benefits in 
addition to erosion mapping. For example, it is possible to use it for generating 
input data for erosion modelling, verification of erosion models and investigati-
on of impacts of erosion factors. In Slovakia, remote sensing has been used for 
over 25 years for erosion investigations. This study aims at the further develop-
ment of erosion mapping and analysing methodology based on remote sensing. 
Its main goal is the investigation of the impact of relief on the erosion spatial 
distribution.

Use of remote sensing for erosion investigation 
at the international level

Several comprehensive reviews on erosion investigations with remote sen-
sing are available (Šúri, 1996, Fulajtár, 2002, Manchanda et al., 2002, Vrieling, 
2006). All of these reviews show that the same trend has been observed since 
the beginning of remote sensing development. Most studies have been focu-
sed on land cover, land use and vegetation characteristics. Multispectral images 
with infrared bands are often used to characterise the vegetation by vegetation 
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index. A number of studies have also been conducted for erosion investigation, 
but most use remote sensing as a supplement, only indirectly contributing to 
the erosion assessment (as indicated by the disturbance of vegetation, which is 
related to erosion processes). This is well demonstrated by the review of Vri-
eling (2006), who discusses almost 200 papers; only 37 are directly related to 
delineation of eroded areas. Most other studies were conducted for many other 
purposes related to erosion research (e.g., supporting erosion modelling, esti-
mation of input parameters for the models, model verification, etc.), but not for 
direct delineation of eroded soils. Among the studies aimed at direct erosion 
mapping, most publications have focused on tropical and arid regions with large 
territories. Thus, they do not result in detailed maps of eroded soils, but more 
commonly in rough regionalisation for identifying some erosion risk areas or 
eroded areas. 

Some studies are used for the identification of linear erosion features, 
such as gullies or even rills (Vrieling and Rodrigues, 2005) or identification of 
badlands (Sujatha et al., 2000, Yuliang and Yun, 2002). Other studies are aimed 
at investigation of erosion dynamics. Time sequences of remote sensing images 
provided information on the territorial growth of eroded areas (Fadul et al., 
1999 and Sujatha et al., 2000). Similar studies in alpine environments without 
exact delineation and acreage calculation have been performed by Alewell et al. 
(2008) and Mesburger et al. (2010). Detailed erosion maps were developed for 
the loess hilly lands of the Czech Republic (Novák and Batysta, 2013, Dum-
brovský, 2013). The delineation of eroded patterns is usually performed by vi-
sual vectorisation. However, in some studies, the mathematical classification 
was alternatively used. An example of uncontrolled mathematical classification 
of SPOT HRV multispectral images is provided by Servenay and Prat (2003). 
Beaulieu and Gaonac’h (2002) identified eroded areas using multifractal analy-
sis of Landsat TM multispectral images. 

An important question is how to relate the soil colours in the field to the 
colours of the remote sensing media. It would be very helpful if some direct 
quantitatively expressed relations would be found. From this point of view, the 
most interesting studies include Escadafal et al. (1989) and Escadafal (1993), 
which proposed an algorithm to express the relation between colours at remote 
sensing media and the soil colours expressed by the Munsel colour chart. Singh 
et al. (2004) also discussed the relations of soil colours in the field and of re-
mote sensing media. Colour differences between eroded and non-eroded soils 
based on differences in iron and organic matter content were assessed using the 
spectral unmixing approach in De Jong et al. (1999), Haboudane et al. (2002) 
and Hill and Schutt (2000). The principles of spectral unmixing are provided by 
Vrieling (2006), Ben-Dor et al. (2003) and Escel et al. (2004).
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In addition to colours, the impacts of surface roughness and crusting, clay 
content and soil moisture on the identification of eroded areas have been exa-
mined (Ben-Dor et al., 2003, and Escel et al., 2004). However, the assessment 
of these parameters is difficult as their impacts are often overlapping and very 
complex (Walker et al., 2004). Even investigations of surface roughness by radar 
images did not produce satisfactory results (Davidson et al., 2000).

Use of remote sensing for erosion investigation in Slovakia

In Slovakia, since the beginning of 1990s, considerable attention has been 
given to the identification of severely eroded soils by remote sensing. Soil ma-
pping of the Rišňovce Cooperative Farm in the context of a research project on 
sustainable agriculture used black and white aerial photos for the identification 
of eroded soil (Fulajtár, 1991). Although the photographs were not used for 
direct delineation of eroded patterns, they served as background information 
and the eroded soils were mapped as generalised complexes together with non-
-eroded soils. Several categories of complex mapping units with different pro-
portions of eroded and non-eroded soils were recognised. Further on, several 
studies testing the methodological approaches were conducted at the Rišňovce 
pilot area. The first step was the analogue interpretation of black and white 
aerial photos and the direct delineation of eroded and accumulated patterns 
(Fulajtár, 1994a). This study was conducted prior to the introduction of GIS in 
pedology in Slovakia; as such, the patterns were hand drawn using transparent 
sheets without georeferencing of the photographs. 

This simple approach tested at the Rišňovce site was applied for mapping 
the eroded soils in larger regions by environmental decision institutions. For 
example, a map of eroded soils of the Levice district (approximately 1551 km2) 
was prepared for the Slovak environmental agency (Fulajtár, 1994b). 

 New ideas related to theoretical and methodological aspects of remote sen-
sing exploitation for soil mapping were brought by the introduction of GIS into 
earth sciences in Slovakia in the mid-1990s. The possibilities of combined use 
of DTM and remote sensing for erosion investigation was discussed in Šúri 
and Hofierka (1994). Šúri and Lehotský (1995) prepared the first classification 
of satellite images and discussed the possibility of using the mathematical classi-
fication of images for erosion mapping. Šúri (1996) provided a comprehensive 
review of the literature on remote sensing exploitation for erosion mapping. 
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Further studies at the Rišňovce test site led to major achievements in the 
methodology (Fulajtár, 1995, 1996, 1998, 2002, Fulajtar and Janský, 2001). High 
quality results were achieved by visual vectorisation of eroded patterns from 
scanned black and white aerial photos and SPOT PAN images as well as by 
controlled mathematical classification of SPOT PAN images. The results of 
these methodological studies were successfully used for applied purposes. Svi-
ček (2000a) prepared a map of the eroded soils of Trnavska Pahorkatina by visual 
vectorisation of SPOT PAN images. 

Fulajtár et al. (2008) discussed several new methodological aspects related 
to the accuracy of erosion delineation by visual vectorisation (how the eroded 
patterns appear in different seasons on the same and different images, to what 
extent the mapping can be done for vegetated plots, how the multispectral data 
can be exploited, whether they can help to identify erosion patterns below the 
vegetation, etc.). Based on these questions, a wide range of remote sensing me-
dia (e.g., black and white aerial photos, colour aerial photos, SPOT PAN im-
ages, multispectral SPOT images, multispectral Landsat TM5 and TM7 images, 
etc.) were assessed for their potential to express eroded soils (Fulajtar et al., 
2013). Another important methodological achievement was the investigation of 
relation between erosion patterns and relief (Smetanová, 2008, 2009 and Sme-
tanová and Šabo, 2011) conducted in the southern part of Trnavská Pahorka-
tina. The investigated relation is not simple and direct. Some eroded areas are 
clearly related to relief, but others show only loose relations. Several types could 
be distinguished. They differ by origin (e.g., water, wind or tillage erosion).

Objectives

The major objectives of this study are 1) the preparation of a soil erosion 
map of the Pastovce study area, 2) testing the suitability of digital colour aerial 
photographs rectified and merged to orthophotomaps for erosion mapping and 
3) investigation of the relation between erosion spatial distributions and relief. 

The first step (the erosion mapping) resulted in the delineation of soil ero-
sion patterns manifested as bright patches on the aerial photographs. The ma-
pping results were discussed and the suitability of digital colour aerial photo-
graphs for erosion mapping was assessed and compared with other media used 
in previous studies. The study of the relation between erosion and relief is the 
most complex objective. It is based on a DTM. It was presumed that the bright 
patches occur in areas intensively affected by soil erosion. If the studied area is 
sufficiently small to be homogeneous regarding the parent material, soilscape 
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and climate, it can be presumed that the relief is the major factor controlling the 
erosion spatial distribution. The relief properties are characterised by a set of 
quantitative parameters. Erosion rates should be controlled by these morpho-
metric variables. However, these relations may be disturbed to a large extent by 
the historical development of land use and land management. 

Material and methods

Study site

The study site is situated in a typical loess hilly region in southwest Slovakia 
(Fig. 7.1). It is a sloping field (approximately 1100 m long and 700 m wide, 66 
ha, altitude of 128-197 m above sea level) north of Pastovce, Ipeľská Pahor-
katina. This area is situated in the transition zone between Chernozems and 
Luvisols which are considered in Slovakia as zonal soils, although the detailed 
patterns of both soil taxa is to large extent influenced by topography, parent 
material and human activities. According to the Complex Soil Survey (KPP), 
carried in the study area by Kučárová et al. (1971) the soilscape is dominated by 
Haplic and Luvic Chernozems, but in the uppermost part of the plot, there is a 
small area of Calcic Luvisols (IUSS Working Group, WRB 2014).

Figure 7.1  Location of the studied site.

The recent land use of this area is characterised by a rather uniform and 
intensive large-scale mechanised land management. The crop rotation is domi-
nated by winter wheat, maize, spring barley, sunflower, rape, alfalfa and forage 
pea. This land use has existed since the 1950s when the agriculture in Slovakia 
underwent a collectivisation campaign to create cooperative farms and intro-
duce large-scale mechanised land management. Before the collectivisation oc-
curred, the area was exploited by traditional agriculture based on limited me-
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chanisation and prevailing use of man and animal power. The traditional land 
use structure is composed of very small and usually long and narrow plots of 
small private farms. Thus, the collectivisation resulted in fundamental land use 
changes (Sviček, 2000b) (Fig. 7.2). The study area was exposed to this traditio-
nal land use for many centuries, which may have had important effects on the 
distribution of erosion phenomena and should be considered when interpreting 
the spatial distribution of erosion. 

Methodological approaches

The identification of erosion patterns is based on colour differences between 
the topsoil and subsoil. The principles of this method were described and tested 
in Slovakia by Fulajtár (1994, 1995, 1996, 1998, 2002) and Fulajtár and Janský 
(2001). It is based on colour differentiation of the topsoil and subsoil. If the soil 
is severely eroded, a significant part of the dark A- and B-horizon (if it occurs 
in the original soil) is removed and the C-horizon, which is usually lighter in 
colour, is getting exposed and gradually admixed by tillage into the remnants 
of original A or B horizons. Yellowish, whitish or pale greyish Chorizons have 
considerably higher spectral reflectance than grey-brown or dark brown A-ho-
rizons and brown, rusty or yellowish-brown B-horizons. This phenomenon is 
best expressed in soils having strong colour contrasts between the topsoil and 
subsoil, as it is typical for the intensively agriculturally exploited loess hilly lands 
of Slovakia where dark Haplic and Luvic Chernozems and Calcic Luvisols were 
developed on pale coloured loess deposits. In most eroded parts of the slopes 
these soils were transformed to Haplic Calcisols form bright patterns easily de-
tectable from any remote sensing images. In the Pastovce study area, the colour 
of the surface A-horizon according to the Munsel colour chart is 10 YR 3/2 for 
Chernozems, 10 YR 3.5-4/3 for Luvisols and 10 YR 5.5-6/3.5 for Calcisols ori-
ginated by erosion (Fig. 7.3). 
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Figure 7.2 Typical bright erosion patterns in the loess hilly region of Slovakia.

Figure 7.3 Typical soil profiles representing the most abundant soils of Slovak loess hilly 
lands: a) Haplic Chernozem, b) Calcic Luvisol and c) Haplic Calcisol originated by 

erosion of Chernozems or Luvisols.

The delineation of erosion patterns can be performed by visual vectorisa-
tion or mathematical classification. The mathematical classification at the Pas-
tovce site is quicker, demands less manual labour, is less subjective and provides 
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high accuracy if high quality photographs or images are available. Delineation of 
soil erosion patterns by colours of aerial photographs is a very efficient method, 
which allows for rapid delineation in large areas of loess hilly lands. 

The mapping and investigation of the spatial distribution of eroded are-
as can be supported by soil erosion modelling. An important task is also the 
investigation of the impact of relief on the erosion spatial distribution. Major 
primary and secondary morphometric variables expected to have an impact on 
soil erosion were examined.

Data input

The following input data were used:
 ■  Orthophotomaps:

 ■  Orthophotomap from late summer 2011
 ■  Orthophotomap from 30. 4. 2014 

 ■  Elevation grid with 10x10-m resolution
 ■  Derived morphometric variables

 ■  Slope
 ■  Aspect
 ■  Tangential curvature
 ■  Profile curvature
 ■  Geometrical forms
 ■  Upslope contributing area 
 ■  USPED erosion/deposition factor

Figure 7.4 Orthophotos and delimited bright patches of parcels of interest in a) 2011 
and b) 2014.
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Digital Elevation Model and morphometric analysis

The DTM was generated by the method of regularised spline with tension. 
Two versions of DTM with different levels of smoothing were used. The tensi-
on parameter was set to 40 for the more precise DTM1 version and to 20 for the 
more smoothed DTM2 version. Calculation of both DTM versions was per-
formed in one segment for the whole studied plot to optimise the smoothing. 
For both DTM versions, the following morphometric variables were calcula-
ted: slope β (Fig. 7.5), aspect α, profile curvature (KN)n (Fig. 7.6) and tangential 
curvature (KN)t (Fig. 7.7). On the basis of positive and negative values of the 
profile curvature (KN)n and tangential curvature (KN)t, a map of four basic 
geometrical forms of relief was created (Fig. 7.8) (Krcho 1973, 1990):

This parameter is important for the runoff behaviour. Convex-convex 
forms accelerate the runoff and disperse its direction, convex-concave forms 
accelerate and concentrate the runoff, concave-concave forms slow down and 
concentrate the runoff, and concave-convex forms slow down and disperse the 
runoff. Based on these effects, convex-concave forms enhance erosion and con-
cave-convex forms enhance deposition. 

Figure 7.5  Slope in degrees derived from DTM1 and DTM2.

(upper ortophotomap on the Fig 7.4a) the erosion patterns are less pronounced. This is 
probably due to fact that the picturing was carried during the dry period as it is indicated by 
the dust mark behind a tractor visible in the upper part of the ortophotomap. At the second 
ortophotomap (Fig. 7.4b and lower ortophotomap on the Fig 7.4a) the erosion patterns are 
more pronounced. This photograph was taken most probably during the more moist period.  

Fig. 7.4 Orthofotomats and delimited bright patchies on interest parcel a) 2011 and 2014, 
b) 2014. 

A crucial condition for successful image classification is the precise selection of marginal 
colour value representing the bright erosion patterns. For the classified image (Google Earth, 
30. 4. 2014) the classification marginal value was set to a pixel value of 16947. This pixel 
value corresponds to following colour parameters: red value of 156, green value of 139 and 
blue value of 131. As these colour characteristics differ at photographs taken under different 
conditions the extension of erosion patterns classified at different photographs will be 
different. This should be kept in the mind when interpreting the obtained results.  

The transition between eroded and non-eroded soils is rather sharp. The boundary is 
irregular (zig-zag) what result from tillage erosion effects. The ploughing result in short 
distance transport of soil material and movement of soil in opposite directions when the 
tractor is going one direction and back results in this zig-zag boundary. It is well visible 
especially in the lower part of the figure 7.4a.  

Digital Elevation Model and morphometric analysis 

The DTM was generated by the method of regularized spline with tension. Two versions 
of DTM with different levels of smoothing. The tension parameter was set to 40 for more 
precise DTM1 version and to 20 for more smoothed DTM2 version. Calculation of both DTM 
versions was done in one segment for the whole studied plot in order to optimize the 
smoothing. For both DTM versions the following morphometric variables were calculated:  
slope β (Fig. 7.5), aspect α, profile curvature (KN)n (Fig. 7.6) and tangential curvature (KN)t 
(Fig. 7.7). On the base of positive and negative values of profile curvature (KN)n and 
tangential curvature (KN)t the map of four basic geometrical forms of relief was created (Fig. 
7.8) (Krcho 1973, 1990): 

(KN)n >0 ∧ (KN)t >0 - convex-convex form, 

(KN)n >0 ∧ (KN)t <0 - convex-concave form,  

(KN)n <0 ∧ (KN)t <0 - concave-concave form, 

(KN)n <0 ∧ (KN)t >0 - concave-convex form. 

%  202
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Figure 7.6  Profile curvature derived from DTM1 and DTM2.

Figure 7.7  Tangential curvature derived from DTM1 and DTM2.

Figure 7.8  Geometric forms derived from DTM1 and DTM2.
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Important changes in erosion should occur at boundaries of particular (va-
riably inclined) slope segments. At these boundaries, significant changes of cur-
vatures derived from normal directions occur. Across these boundaries, zero 
isolines of normal change of profile curvature (Jenčo, 1992) or zero isolines 
of normal change of the gradient (Minár, 1999) occur. For delineation of basic 
slope segments, it is necessary to exclude zero isolines of these third order mor-
phometric variables, which creates boundaries of internal segments. 

Erosion modeling

The soil erosion and deposition rates were calculated by the USPED mo-
del (Unit stream power-based erosion/deposition model) proposed by Mitá-
šová and Mitáš (2001). USPED combined the RUSLE (Revised universal soil 
loss equation; Moore and Burch 1986, Renard et al. 1997) parameters, such 
as the rainfall erosivity factor (R) [MJ.ha-1.mm.h-1], soil erodibility factor (K) 
[t.ha.h.MJ-1.ha-1.mm-1], land cover factor (C), the prevention measure factor 
(P) (the last two factors are dimensionless) and the upslope contributing area 
per unit width (U) (Fig. 7.9) to estimate sediment flow (T): 

T ≈ RKCPUm(sin β)n,

where β is the slope [o], and the exponents m and n control the relative influen-
ce of water and slope terms and reflect the impact of different types of flow. The 
net erosion/deposition ED is estimated as a divergence of sediment flow T:

where α is the aspect [o]. The absolute values of net erosion/deposition rates 
were not calculated because the USPED model adopts the values of empirical 
factors derived for the RUSLE model. These factors are uniform at the studied 
site. 

 For calculation of the sediment flow map, the parameters R=K=C=P=1 
and exponents m=n=1 will be used; than the erosion/deposition factor ED’ can 
be calculated by the following equation:

In this case, the ED’ factor is positive for areas with deposition potential in 
which the sediment transport capacity decreases and negative for areas with ero-
sion potential in which the sediment transport capacity increases. The upslope 
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contributing area per unit width U was calculated as the output flow accumula-
tion raster map using the r.terraflow module in GRASS GIS software. 

Figure 7.9  Upslope contributing areas in ares (100 m2) derived from DTM1 and 
DTM2.

Results and discussion 

Comparison of the suitability of aerial photographs for delimitation of erosion 
patterns

The first result of the Pastovce study was the delineation of soil erosion 
patterns from the colour aerial photographs rectified and merged the orthopho-
tomap and to test the suitability of colour aerial photos for soil mapping. The 
resulting pattern together with the used orthophotomaps (from 2011 and 2014) 
is shown in Figure 7.4. In earlier studies of other sites in Slovakia, mostly black 
and white media (black and white aerial photos and SPOT PAN images) were 
used (Fulajtár, 1991, 1994a, 1994b, 1996, 1998, 2002, Fulajtár and Janský, 2001, 
Sviček, 2000a, Smetanová, 2008, 2009, Smetanová and Šabo, 2011). 

A great advantage of recent colour aerial photos is that they are in electronic 
form. The processing possibilities of earlier analogues of aerial photos (both 
black and white and colour) was much more limited (even if scanned) than the 
processing possibilities of digital photos. The major advantage is that the digital 
photos can be classified. However, also the visual vectorisation is more con-
venient and precise when using this medium. The major advantage of remote 
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sensing is its great operability. This, together with the high quality of the records 
and high spatial resolution of the obtained data yields very efficient classification 
of images and identification of minor landscape structures.  

The mollic horizon has slightly crushed samples with a Munsel colour va-
lue of ≤ 3 moist and ≤ 5 dry (IUSS Working Group, WRB 2014). The best 
conditions for interpretation of erosion patterns are photographs taken when 
the soils are moist. The visibility of the erosion patterns is different for the 
two presented orthophotomaps (Fig 7.4a). In the first orthophotomap (upper 
orthophotomap of Fig 7.4a), the erosion patterns are less pronounced. This is 
probably because the image was obtained during the dry season, as is indicated 
by the dust mark behind a tractor visible in the upper part of the orthophoto-
map. In the second orthophotomap (Fig. 7.4b and lower orthophotomap of Fig 
7.4a), the erosion patterns are more pronounced. This photograph was taken 
most likely during the moist period. 

A crucial condition for successful image classification is the precise selecti-
on of marginal colour values representing the bright erosion patterns. For the 
classified images (Google Earth, 30. 4. 2014), the classification marginal value 
was set to a pixel value of 16947. This pixel value corresponds to the following 
colour parameters: red value of 156, green value of 139 and blue value of 131. 
Because these colour characteristics differ for photographs taken under diffe-
rent conditions, the extent of erosion patterns classified in different photogra-
phs will be different. This should be considered when interpreting the obtained 
results. 

   The transition between eroded and non-eroded soils is rather sharp. The 
boundary is irregular (zig-zag) due to the tillage erosion effects. Ploughing, i.e., 
the short distance transport of soil material and movement of soil in opposite 
directions, resulted in a zig-zag boundary. This boundary is clearly visible in the 
lower part of Figure 7.4a. 

Comparison of results of DTM1 and DTM2 modelling 

The values of both curvatures are close to zero. This can be observed from 
the great visual differences between the results of both DTM versions. This 
suggests that most relief in the study area is nearly linear and the curvature does 
not have a substantial influence on the runoff concentration. The convex-con-
cave form, which should most strongly enhance erosion, accounts for 4% of the 
bright patches in DTM1 and 3 % in DTM2. The statistical assessment of the 
relations of all morphometric parameters from both DTM versions to erosion 
patterns did not show any pronounced correlations. Similarly, no correlation 



261

was found for the erosion/deposition index calculated by the USPED model. 
The minimal values of this index were often not found in the middle part of the 
eroded areas. However, in the same areas, positive values of the index were also 
found. These results indicate the important role that microrelief forms have 
in the erosion distribution. Both DTM versions are considerably smoothed as 
compared to the real relief, which is much more complex. Its permanent and 
temporary microforms can result in declination of real erosional processes from 
the model results obtained at different resolution levels. These declinations can 
grow quickly, and the bright patches can spread to areas where it was not predic-
ted by the model. Topsoil and erosion constitute a system with feedback. This is 
another factor contributing to its uncertainty. 

The next important factor accelerating soil erosion is the tillage. The ru-
noff direction is complemented by the tillage direction. The commonly used 
morphometric variables, which are generated by surface derivation along the 
maximum slope direction (normal direction) and in the direction of the line 
tangent to the contour line (tangential direction), should be complemented by 
the morphometric variables derived from the tillage direction. This direction 
is repeated each year, which can enhance the impact of the tillage erosion. The 
bright patch situated in the central part of the plot can be considered as a result 
of the predominant tillage erosion, as this landscape position is not suitable for 
intensive runoff activity. 
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Conclusions

The Pastovce study showed that the studied area is considerably affected 
by erosion. Over 13% of the area is strongly eroded (e.g., the original A and B 
soil horizons are removed and the soils are transformed to Haplic Calcisols). In 
addition, another portion of the area is also partially eroded, however, this is not 
observed on the soil surface. 

The investigations yielded valuable information for the development of the 
methodology. It was demonstrated that the digital colour aerial photographs are 
a very suitable tool for erosion mapping, and they are much better than earlier 
used media.

Soils in loess areas have high organic carbon content in the surface horizon. 
The dark colour of the surface of the soil is thus in sharp contrast with the 
lighter colour of the subsurface horizons. The mollic horizon of Chernozems 
is often removed as a result of erosion and weakly developed ochric A horizon 
is formed by gradual admixing of subsoil loess sediment with the remnants of 
the original A horizon. Colour differences are then visible, especially in colour 
aerial photographs. The darkness of the mollic horizon is more noticeable in the 
case of moist surface horizons. For that reason, the aerial images from the moist 
period are more easily interpreted. The contrast between the colour of original 
mollic horizon and ochric A horizon formed by erosion is indeed so obvious 
that even areal images from dry period are well interpreted. This applies to high 
resolution images. 

The connections between bright patches and the land surface are not clear-
ly pronounced. This conclusion is also supported by the analysis of a relief in 
relation to the spatial arrangement of the bright patches. These relations disa-
ppear if any smoothing of the relief is performed during the DTM preparation. 
Furthermore, water erosion is conditioned by turbulent water streaming. We 
can conclude that the processes of water erosion are a demonstration of a chao-
tic system. The behaviour of the chaotic system supports the creation of unfo-
reseeable structures. Simple visual analysis appeared to be the most effective 
means of mapping these structures. The controlled data collection is critical for 
the success of such analysis. It means that the repeated sensing of Earth‘s surfa-
ce for the purpose of mapping the bright patches should be performed during 
periods of similar conditions. This is the only way to ensure the accuracy of the 
delineation of individual areas in different moments of its evolution. Further-
more, the usage of such aerial images in combination with digital terrain models 
enables the optimisation of soil sampling in the surrounding of bright patches 
with less affected soils for the purposes of more detailed mapping of the spatial 
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pattern of soil erosion and deposition based, for example, on the 137Cs method 
(Zhang et al., 2015). 

Non-demanding operational technology such as unmanned aerial vehicles 
(UAVs) is thus a very good method for erosion monitoring. Remote sensing of 
Earth’s surface from low altitudes by drones is less dependent on weather and 
it allows pedologists to use the same photosensitive equipment and materials 
when monitoring during longer periods of time. The main advantage of the 
drones is the possibility of their operational deployment any time the need for 
remote sensing arises. Pedologists can then promptly react and catch the deve-
lopment in detail in the monitored area. The UAV method can thus become 
a valuable tool in suggesting soil conservation measures and monitoring their 
effectiveness. In loess areas, it is an ideal method for immediate monitoring of 
erosion based on the identification of bright patches. 
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