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Abstract: Since the year 2012, nationwide monitoring of erosion on agricultural land has been carried
out in the Czech Republic with more than 2,300 cases of erosion events recorded so far. The evalua-
tion of the relationships between the actual manifestation of erosion and the characteristics of the
5600 erosion enclosed areas (EEAs), on which surface runoff develops after erosion-forming rainfall,
are presented in this contribution. Most frequently grown crops during an erosion event include
maize (49.8% of cases), rapeseed (13.7%), potatoes (8.1%) and sugar beets (2.1%). The distributions
of affected erosion enclosed areas (EEAs) in terms of shares of soils with low susceptibility and
medium susceptibility to compaction, drainage systems and contributing areas of critical points are
bimodal; the low percentage (<10%) being more prominent than the high one (>90%). The percentage
of hydrologic soil group B in EEA has the high share dominant over the low one. Unsurprisingly,
erosion events have been recorded predominantly in EEAs with low forest cover and on arable land
(share > 90%). The distribution of EEAs across altitudes corresponds with the relief of the country.
Obtained results will be used to validate the implementation of erosion-monitoring systems and for
the adaptation of soil erosion prevention and mitigation measures in the sustainable land use policy.

Keywords: critical points; erosion enclosed areas; flooding risk flash; monitoring; soil compaction

1. Introduction

The Czech Republic (CZ) has the highest average land block size (Land Parcel Identifi-
cation System, LPIS, productive blocks) for arable land in the EU [1]. According to the LPIS,
the average land block size is 6.5 ha and 10.7 ha in the case of arable land. However, it is
not uncommon for land blocks to be in excess of 100 ha, which can lead to intensive water
erosion. More than ~60% of arable land in CZ is threatened by water erosion particularly
due to large scale farming of monoculture crops prone to erosion without any erosion
control measures.

This is largely a result of 1950s collectivisation of land and subsequent changes in
farming practices, a reduction in the percentage of grassland in production areas, and an
increase in the average field size [2]. Despite systems of complex anti-erosion measures
available to farmers which could provide effective protection for soil on farm land, the
majority of arable land in CZ suffers from heavy water erosion, both on slopes and in
channels of concentrated runoff.
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Blocks of arable land on which erosion occurs are generally large in area, with a
significant gradient, and located on lengthy slopes. Due to morphological segmentation,
channels of concentrated runoff often develop in these areas.

According to the World Meteorological Organization [3], among the most dangerous
causes of worldwide natural disasters is intensive storm rainfall and the rapid formation of
concentrated surface runoff and creating so-called flash floods which are connected with
the transport of sediment and landslides. Changes in the natural climatic and hydrological
cycles cause ever-increasing fluctuation in extreme events such as periods of drought or
events of intense rainfall creating surface runoff with a negative impact on land and built-
up land [4,5]. One of the global problems associated with surface runoff is the increasing
level of urbanisation. It is estimated that, by the year 2050, urban areas will cover almost
64% of land in developing countries and 86% in developed countries [6,7]. Thus, there
is an increasing risk of the product of erosion events (sediment) reaching built-up areas
as a result of intensive rainfall. This can be seen in densely populated central Europe,
where flooding occurs frequently, with sediment transported into built-up areas or water
source areas causing extensive damage [8]. The causes and effects of soil erosion have been
described by various authors from many viewpoints as geographical, geomorphological,
pedological, agronomic etc. [9-12]. In order to determine the characteristics of sub-basins
or contributary areas, many authors recommend geomorphometric analysis of the land
which provides physical-geographical information on the catchment basin such as slope
gradient, configuration and shape of relief, length of slopes, river network, etc. [13-16].

Development of the methods and geographical information systems enables the
generation of basic data for multicriterial judgement and the use of various models for cal-
culating soil loss, sediment transport, hydrological simulation etc., for the implementation
of systems of complex measures to protect soil and water at the level of whole catchment
basins [17-19].

Surface runoff, in relation to the given characteristics of a catchment basin, is one
of the main elements, not only generally in the hydrological cycle that influences the
amount of water delivered into the river systems [20], but is also the cause of fluvial erosion
processes due to its negative effect. One of the significant factors influencing surface
runoff is the low retention capability of soil and landscape due to the intensive agricultural
use of the landscape [21,22] in particular. This is evident in the current state of erosion
threat to arable land in various countries [23-25]. Other factors influencing surface runoff
having a negative effect on farm land and threatening built-up areas include topographic,
morphological, hydrogeological, and pedological relationships, along with the presence
of vegetation cover on the land [12,17]. The retention capability of the soil and landscape
and their ability to hold rainfall in the catchment basin depends on the factor of vegetation
cover and the characteristics of the hydric regime of agricultural and forest soils [26].
Yin et al. [27] describe the importance and function of landscape cover in the case of the
negative influence of deforestation. Manifestations include a change in surface roughness,
poorer soil infiltration, and, eventually, a rapid increase in the intensity of concentrated
surface runoff with distinct signs of water erosion and possible landslides. Another risk is
posed by inappropriate intensive use of agricultural land where soil compaction reduces
the soil’s capability to take in water, thus increasing the danger of flash flooding and the
risk of the transport of erosion products—sediment—to water courses, reservoirs, and
built-up areas [28,29].

Various studies [30-32] describe direct runoff as the amount of rainwater that drains
off the soil surface after causal rainfall or snowmelt. Several authors [33-35] state that a
crucial influence on the formation of surface runoff is played by the intensity of rainfall,
the topography of terrain (gradient, length, and shape of slope), soil characteristics (texture,
content of organic matter, compaction, soil erodibility), and land use.

Of equal importance are aspects of the timing of erosion-forming rainfall, in terms of
the state of plant development, especially in the period between preparing the land for
sowing and the crop forming an interlinked cover with an anti-erosion effect in synergy
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with the gradual consolidation of the soil, and an increasing level of shear stress. The shear
stress level depends on the characteristics of a given soil (texture, clay, water, and humus
content) [32]. It has been found that land worked under no-till methods could have up to
twice the shear stress level of land worked under conventional tillage. A further significant
factor is the type of vegetation cover and the level to which the soil is stabilised by plant
roots [36].

Since 2012, events of erosion have been systematically recorded which provides feed-
back for the Ministry of Agriculture and the Ministry of the Environment on the nationwide
problem of erosion and the effectiveness of implemented anti-erosion measures. The Czech
Republic is the only country carrying out such systematic monitoring and evaluation of
erosion events. The purpose of the Monitoring of the Erosion (MoE) is gathering, recording,
and evaluating information on erosion events on agricultural land in order to create a
spatial database of erosion events which provides a source for developing preventive and
mitigation measures for effective erosion control including new policies [37]. Since 2017, if
an evaluated erosion event meets selected criteria, the Ministry of Agriculture tightens the
rules for farming on concerned land (~5500 ha so far) with respect to the subsidies. From
2021, MoE has become a part of national legislation on the protection of agricultural land
against soil erosion (Decree No. 240/2021 Coll.) The actual process of monitoring erosion
on agricultural land is conducted on the basis of the Ministry of Agriculture Regulation
No. 15/2012 and approved procedures, which set out the obligations and the level of
involvement of individual organisations. The records of erosion events (Figure 1) are
compiled by trained and authorised staff of land registry offices (around 140 staff). After
an erosion event report, an on-site field survey takes place with photo-documentation and
information gathering on the circumstances. Eventually missing data are subsequently
added. The inspection and editing of records is performed in order to maintain consistency
and accuracy of the database and is carried out in the Research Institute for Soil and Water
Conservation (RISWC), while supplementing the data with further analysis, e.g., from
digital elevation models. Erosion events have been regularly recorded since 2012. Earlier
events have also been added provided all relevant information was available; there have
been 2395 entries so far, of which 319 are repeated events. This project is funded by the
State Land Office (SLO).

This contribution uses data and accompanying information from MoE to investigate
and evaluate individual erosion events and the characteristics of the land that (do or
might) play an important role in terms of the vulnerability of the soil to water erosion,
and the negative impact both on the area itself (on-site), and beyond (off-site, as transport
of sediment into water courses, reservoirs, and built-up areas). Land cover (crops), the
amount of arable land, and forest stands are considered as well as other parameters of
locations affected by erosion events including the presence of contributing areas of critical
points that may endanger municipalities below, the availability of drainage systems, the
hydrological soil group percentages, the share of soil susceptible to compaction and altitude
distribution of sites. Obtained results are and will be used to validate the implementation
of erosion-monitoring systems and the proposal of erosion control measures for sustainable
land management policy.

Given that the MoE is a unique nationwide system, the authors aim to present the
availability of (verified, meaningful) data to all stakeholders including the scientific com-
munity in a compact and clean way in terms of data and visuals. This will be achieved by
highlighting the features in terms of the areas affected by erosion events, thus allowing read-
ers to draw their own conclusions. Further research beyond the scope of this contribution
is expected to follow, hopefully with more participation from international experts.
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Figure 1. Recorded erosion events in the Czech Republic up to 10 August 2022. Altitudes are given
by the system Balt after normalizing.

2. Materials and Methods

The basic observed land unit is an enclosed erosion area (EEA, Figure 2) that is defined
as a connected area of land with locally enclosed erosion processes i.e., denudation, trans-
port, and deposition of soil [32]. It is an area of agricultural land bounded by watersheds,
on which surface runoff develops, and barriers where surface runoff is interrupted. There
can be several such areas within a block of land, or one EEA may cover several parts of a
land block. This contribution is based on analysing a large file of 5600 EEAs affected by
water erosion recorded in the years 2012-2021.

An erosion event is a time limited occurrence where, due to a rainfall, soil particles
are disturbed and transported from agricultural land, and this transported material is
deposited as sediment. The negative effects of erosion events are the reduced depth of the
soil profile on eroded areas, covering of the soil profile in sedimentation areas, creation of
an erosion profile which complicates farming of the land, or the silting of roads or other
non-agricultural areas, water courses, and reservoirs with soil particles. (Figure 3). For the
purposes of erosion monitoring, the events are divided into the following types: sheet, rill,
gully, and channel erosion. Their occurrence is as follows: channel 2.09%, gully 46.43%, rill
25.31%, sheet 26.17%.
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Figure 3. An example of a recorded soil erosion event in the monitoring database (MoE).

For each erosion event, the following information is recorded and analyzed: the date
and time of the occurrence, the type of erosion event (form of erosion), a description of
the erosion circumstances, the character, intensity, and amount of rainfall, the area affected
by erosion, the form and extent of soil degradation, the location of the event, the crops
grown, the character of the vegetation cover on the land, the forms of tillage used, damage
to the land and other property, photo-documentation, and a position marked on a map.
All information is processed in GIS and made available to authorised users on the erosion
monitoring (MoE) website https://me.vumop.cz/app/ (accessed on 15 November 2022).
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To identify areas for evaluation of erosion processes, EEAs were generated for all
Czech agricultural land resources (ALR) by the means of advanced GRASS GIS algorithms.
The basis for analysis was the DMT 4G model (Digital Terrain Model of the Czech Republic
of the 4th generation, https://geoportal.cuzk.cz, accessed on 11 November 2021) with a
pixel definition of 5 X 5 m, which has a mean deviation of 1 m in broken terrain, and 0.3 m
in open terrain. It was specially adapted for the purpose of hydrological analysis, so that
runoff from local depressions and otherwise runoff-free areas were identified. Specifically,
for generating EEAs, the model was further refined with focal analysis using a circular
filter with a diameter of 9 pixels.

For roads and railways, 10 m height was added in order to ensure interruption of the
runoff. The effect of hydrotechnical elements, such as culverts along roads, have not been
considered due to the scope of mapping of erosion events for the entire territory of the
Czech Republic. This simulated interruption can be expected at drainage embankments or
landscape cuttings. On the other hand, for open water courses, their elevation was reduced
by 10 m due to the same reason of interrupting surface runoff. After EEAs generation, it
was necessary to minimize their number and complexity. In the first rough model, there
were more than 3 million EEAs. For application purposes, they were limited in size to the
boundaries of current land blocks. The total number of EEAs thus generated was 1,812,897
with an average area of 2 hectares and an average LSI index of 1.5. Within such EEA, it is
now possible to assess the state of runoff and erosion processes.

All erosion events in the time period from 2012 to 2021 in 5869 affected EEAs have
been analysed in terms of:

e  Distribution of EEAs according to the share of contributing areas of critical points
(CPs) being the places where generated paths of concentrated surface run-off enter
urbanised spaces [38]. Flooding risk arises from the threat to built-up areas lying
below a given critical point. Municipal areas include whole urban zones (residential
buildings in particular).

Share of drainage systems (DS) in an EEA.

Percentage of land types in an EEA according to the registry of the Land Parcel Iden-
tification System (LPIS), https:/ /eagri.cz/public/app/lpisext/lpis/verejny2/plpis/
(accessed on 11 November 2021).

e  Hydrologic Soil Group (HSG) share in an EEA by the category, A—soils with a high in-
filtration rate, B—soils with an average infiltration rate, C—soils with a low infiltration
rate, D—soils with a very low infiltration rate.

e  Proportion of soil compaction susceptibility categories in an EEA (SC1 slightly, SC2
moderately, SC3 heavily).

e Distribution of EEAs by altitude. 67% of the Czech Republic territory lies below 500 m
above the sea level, 32% in the range 500-1000 m, and ~ 1% above 1000 m.

Data on erosion events are located using geographic coordinates (GPS) and stored in a
spatial database (POSTGRESQL/POSTGIS).

For the needs of complementary analyses, a combination of data sources from the LPIS
and Fundamental Base of Geographic Data of the Czech Republic (ZABAGED) have been
used. ZABAGED is a digital geographic model of the territory of the Czech Republic that
consists of 134 feature types such as settlements, communications, utility networks and
pipelines, hydrography, administrative units and protected areas, vegetation and land cover,
terrain relief, and selected data about survey control points (https://geoportal.cuzk.cz,
accessed on 20 November 2022).

The database of certified /validated soil ecological units (BPE]) has been used for soil
information. BPE] is used to evaluate the absolute and relative production capacity of
agricultural land and the conditions for efficient use (https://bpej.vumop.cz/, accessed on
20 November 2022).

A preliminary overview of the data clearly indicates complex (not normal) distribu-
tions; therefore, the methods of exploratory (scatterplot, determining of basic parameters)
data analysis (EDA) accompanied with nonparametric correlations (Kendall’s tau), statis-
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tical tests (Kolmogorov-Smirnov), and visualisation by histograms have been chosen for
producing compact and clean visualising (the complexity of data processing lying hidden
in the countrywide determination of EEAs, their characteristics, and derivation of their
distribution from the monitoring of erosion events).

Final validating analyses and presentation of data have been mostly done in the R, free
software environment for statistical computing and graphics (https://www.r-project.org/,
accessed on 20 November 2022).

3. Results and Discussion

The recorded erosion events took place virtually in all regions of the Czech Republic
with different natural conditions; 2395 in total, Figure 4.
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Figure 4. Cumulative numbers of erosion events by the years and months.

Enclosed erosion areas (EEAs) affected by an erosion event had the range of the soil
erodibility factor (K), given as a weighted average for every concerned plot, 0.15-0.6 with
a 0.34 median. The erosive efficiency factor of rainfall (R), expressed as a local R factor
value from the USLE ranges from 36.6 to 73.9 with a 53.4 median. The slope of the affected
plots was calculated as a weighted average for each plot and its values range from 0.2°
to 14.6° with a 3.6° median. The plot sizes in the erosion areas are distributed as follows:
24.9% between 0.4 and 5 ha, 59% between 5 and 50 ha and 16.1% of 50 ha and more. At the
time of the erosion event, the following crops were most often grown on the land: maize
(49.8% of cases), rapeseed (13.7%), potatoes (8.1%), sugar beets (2.1%), cereals (13.5%),
and other crops (12.8%). Vegetation cover by erosion-prone crops had a negative effect,
whereas maize and winter rapeseed were most frequent at the time of an erosion event
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in approximately 74% of the total cases. Maize was particularly problematic, as having
higher participation in erosion events (49.8% of all cases) than the countrywide share of
this crop (12.6% of arable land in the Czech Republic, CSO, 2021). The erosion events for
winter rapeseed are at 13.7%, which is similar to its percentage in the crop structure (14.8%
of arable land).

Other broad-row crops can also be problematic. Potatoes are currently grown on
only about 1% of arable land, but erosion events account for 8.6% of all recorded cases.
The percentage of areas with cultivated sugar beets is 2.4% in crop structure, and 2.1% in
reported erosion events. The difference between the recorded cases of the erosion events
for potatoes and sugar beets is due to the fact that the more erosion problematic potatoes
are grown at higher altitudes and on sloped land. Cereals grown on 50.6% of arable land
have a lesser occurrence of erosion events at 13.5% of the total. The composition of crops in
the Czech Republic is significantly influenced by the current crop market and the economic
interests of farmers. In this context, the results of our study are consistent with those
obtained by other authors [39,40].

A total of 80,103 ha of agricultural land was affected by recorded erosion events in
the Czech Republic within the 9-year monitored period. In terms of the frequency of the
events, 81.1% of the areas were affected by 1 erosion event, 14.8% by 2, 2.7% by 3, 1% by 4,
0.3% by 5 and 0.2% by more than 5 events in the period of 2012-2021. Monitored erosion
events seem to be related [12,31,32] to characteristics of the source areas.

In terms of the characteristics of affected EEAs, there is a single, stronger correlation
(Figure 5, tau = —0.875), but a number of significant weaker correlations which illustrate the
complex distributions as depicted by histograms below. None of the distribution seems to
meet normality criteria (also verified by the one sample Kolmogorov-Smirnov, KS, tests in
each case) and none but one KS two-sample test has shown any evidence for real similarity
in statistical dispersion of the data (the single exception being the HSG.D and SC3, heavily).
The authors mean that histograms represent the situation in a compact and clean way by
allowing readers to directly see the variability highlighting the features for orientation
thereby allowing readers to draw their own conclusions.
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Figure 5. Scatterplot matrix of the full dataset representing the characteristics of EEAs by parameters
with Kendall’s tau correlations above the diagonal.
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The number of EEAs with erosion events was 3600 in the category of < 10% coverage
by contributing areas of critical points (CP) endangering municipalities (Figure 6). The
second maximum (1750) was in the category of >90%, when concentrated surface runoff
entered the built-up area of a municipality, which indicates the need to respond by setting
stricter erosion protection rules for land located in the contributing area of the critical points.

1000 1500 2000 2500 3000 3500

500
|

o
L

R A R A 0 OO LR RO 0L RN Y AR 0 W) R

0 20 40 60 80 100

Histogram of CP per EEA [%]

Figure 6. Distribution of EEAs by percentage of contributing areas of critical points (CP) endan-
gering municipalities. Characteristics of horizontal axis are as follows: Min.: 0.00%; Q1: 0.00%;
Median: 0.00%; Mean: 34.44%; Q3: 98.10%; Max.: 100.00%; SD: 45.38%.

Blann et al. [41] state that the drainage of agricultural land affects the hydrology of
the area (Figure 7), soil erosion, transport of nutrients and pesticides, greenhouse gas
emissions and biological diversity. On drained land, there may be less surface runoff and
soil erosion [42,43]. Also, Skagges et al. [44] state that erosion on the soils studied could be
visibly reduced by subsurface drainage. This is confirmed by the results of two experiments
in the Oregon region [45]. Research by Oygarden et al. [46] show that soil particles can be
eroded from the topsoil and transported both laterally and vertically through macro-pores
and cracks towards the drainage system. The importance of these cracks for the movement
of water and soil particles into drainage systems has also been described in studies within
basin [47,48]. However, our analysis of erosion events did not indicate a major influence of
horizontal drainage on the occurrence of erosion events. The largest share of erosion events
(3503) was unsurprisingly in the EEAs with <10% of drainage systems (DS), but the second
maximum in the category of >90%.
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|
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1}
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Histogram of DS per EEA [%]

Figure 7. Distribution of EEAs by percentage of drainage systems (DS). Characteristics of horizontal
axis are as follows: Min.: 0.00%; Q1: 0.00%; Median: 0.00%; Mean: 23.45%; Q3: 43.00%; Max.:100.00%;
SD: 33.62%.
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In terms of the representation of land types (Figure 8) within the EEAs, arable land
was most prone to erosion (5514 events in the range of >90% coverage). As expected EEAs
with minimal forest stands (<10%) have been most hit, but there were (rare) recorded events
also in forested areas.
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Figure 8. Distribution of EEAs by percentage of arable (LPIS) and forested land (Forest). Characteris-
tics of horizontal axis (LPIS) are as follows: Min.: 0.00%; Q1: 98.30%; Median: 99.60%; Mean:97.00%;
Q3: 99.90%; Max.:100.00%; SD: 9.99%. Characteristics of horizontal axis (Forest) are as follows:
Min.:0.00%; Q1:0.00%; Median:0.00%; Mean: 0.15%; Q3: 0.00%; Max.: 93.30%; SD: 2.00%.

The Share of Hydrologic Soil Group (HSG, Figure 10) is related to the direct outflow
on an EEA. The highest occurrence was recorded on HSG B (3067 events for EEAs with
>90% share), which is related to the highest areal extent of this category soils in the Czech
Republic. A high percentage of other HSG in an EEA was not a major factor for erosion
events, which is also in accordance with the representation of HSG on agricultural land in

the Czech Republic: HSG A 8.9%, HSG B 60.3%, HSG C 19.8% and HSG D 11.1%.
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Figure 9. Distribution of EEAs by percentage of HSG (HSG.A, B, C, D). Characteristics of horizontal
axis (HSG.A) are as follows: Min.: 0.00%; Q1: 0.00%; Median: 0.00%; Mean: 9.27%; Q3: 0.00%;
Max.: 100.00%; SD: 24.64%. Characteristics of horizontal axis (HSG.B) are as follows: Min.: 0.00%;
Q1: 44.10%; Median: 92.50%; Mean: 70.56%; Q3: 100.00%; Max.: 100.00%; SD: 37.54%. Characteristics
of horizontal axis (HSG.C) are as follows: Min.: 0.00%; Q1: 0.00%; Median: 0.00%; Mean: 15.95%;
Q3: 19.70%; Max.: 100.00%; SD: 28.42%. Characteristics of horizontal axis (HSG.D) are as fol-
lows: Min.: 0.00%; Q1: 0.00%; Median: 0.00%; Mean: 4.05%; Q3: 0.00%; Max.: 100.00%; SD: 15.16%.

Compaction is considered one of the main causes of soil degradation and has a negative
impact on its physical, chemical, and biological properties that can subsequently lead to
increased risk of erosion, water, and nutrients runoff into waterways and increased risk of
flooding [49-52]. Surface runoff and erosion increases with increasing bulk density and
reduced infiltration [53]. Another risk is improper intensive use of agricultural land causing
soil compaction (46% of EAAs were prone to compaction) reducing the infiltration capacity
of the soil which increases the risk of erosion, surface runoff, and sediment transport into
waterways, reservoirs, and built-up areas [28,29].

The highest abundance of EEAs is in the low (<10%) segment of all soil compaction
(SC) susceptibility (Figure 10) categories (slightly, moderately, heavily). In the case of the
slightly and moderately susceptibility to compaction soils, there are prominent second
maxima in the highest share segment (>90%). The heavily susceptible have an observable
rise there.
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|
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Figure 10. Cont.



Agronomy 2023, 13, 256

13 of 16

2000
|

1000 1500

500

I 1 s (B O

RS SN N S N S (S | O D

0 20 40 60 a0 100

Histogram of SC (moderately) per EEA [%]

2000 3000 4000 5000
| |

1000

mmw T Y TR T AT

0 20 40 60 a0 100

Histogram of SC (heavily) per EEA [%]

Figure 10. Distribution of EEAs by percentage of SC (slightly, moderately, heavily). Characteristics of
horizontal axis SC (slightly) are as follows: Min.: 0.00%; Q1: 0.00%; Median: 55.30%; Mean:50.42%;
Q3: 98.50%, Max.: 100.00%; SD: 42.24%. Characteristics of horizontal axis SC (moderately) are as
follows: Min.: 0.00%; Q1: 0.00%; Median: 36.30%; Mean: 45.46%; Q3: 98.00%; Max.: 100.00%;
SD: 42.04%. Characteristics of horizontal axis SC (heavily) are as follows: Min.: 0.00%; Q1: 0.00%;
Median: 0.00%; Mean: 3.95%; Q3: 0.00%; Max.: 100.00%; SD: 15.10%.

The total representation of soils in the Czech Republic with low susceptibility to
compaction is 21.5%, with medium susceptibility at 16.9% and with high susceptibility
at 16.2%.

Most erosion events occurred in EEAs with altitudes of 400-600 m above the sea
level (3182). The second highest frequency was recorded at 200—400 m altitudes (2214).
Bednaf and Sarapatka [54] described the greater risk of erosion at higher altitudes for the
conditions of the Czech Republic in a study on physical-geographical factors and soil
degradation. There was a smaller number of erosion events above 600 m, with higher
percentage/predominance of grassland, where erosion events were hardly recorded by the
monitoring process (Figure 11).
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Figure 11. Distribution of EEAs by altitudes. Characteristics of horizontal axis are as follows:
Min.: 177.0 m; Q1: 333.0 m; Median: 450.0 m; Mean: 432.9 m; Q3: 523.0 m; Max.: 818.0 m; SD: 119.8 m.

4. Conclusions

Since 2012, numerous (2362) erosion events occurred in virtually all regions of the
Czech Republic. The nationwide erosion monitoring records are mirrored by the distribu-
tion of affected erosion enclosed areas (EEAs) across altitudes that correspond to the relief
of the country. The crops frequently grown during an erosion event include maize (49.8%
of cases), rapeseed (13.7%), potatoes (8.1%), and sugar beets (2.1%). The distributions of
percentages in EEA for contribution areas of critical points (CPs) include drainage systems
(DS), soils with low susceptibility to compaction (SC slightly) and medium susceptibility
(SC moderately) have peaks on both ends, and the low percentage (<10%) being more
prominent than the high percentage end (>90%). The proportion of hydrologic soil group
(HSG) B has the high percentage (>90%) that is dominant over the low one (<10%). Erosion
events have been recorded predominately on arable land (LPIS, share >90%) and in EEAs
with low forest cover (Forest, <10%), as expected. Low percentages (<10%) on EEAs are
the most frequent for HSG A, HSG C, HSG D, and SC (heavily). The presented results
indicate the need of adjusting/tightening erosion protection regulations to prevent or
mitigate erosion events including floods that endanger municipalities. An adequate size
of plots on soil endangered by erosion should be one of the decisive requirements for
the provision of agricultural subsidies in the future. The results obtained from erosion
monitoring are a good basis for updating the policy of sustainable land use, particularly
when planning soil protection technologies, rules for growing erosion-prone crops, and for
implementing management systems that limit erosion and increase water retention in the
landscape (e.g., strip crop rotation). Further research is needed to fully utilize the unique
data being collected, and comparisons with similar (but maybe on a different scale) systems
are expected.
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