
50

Original Paper Soil and Water Research, 19, 2024 (1): 50–63

https://doi.org/10.17221/110/2023-SWR

Erosion risk analysis in a changing climate 

Jan Prachowski1, Jan Szturc1, Josef Kučera2, Jana Podhrázská1,2*

1Department of Applied and Landscape Ecology, Faculty of AgriSciences, 
Mendel University in Brno, Brno, Czech Republic

2Department for Land Use Planning Brno, Research Institute for Soil and Water Conservation, 
Brno, Czech Republic

*Corresponding author: podhrazska.jana@vumop.cz

Citation: Prachowski J., Szturc J., Kučera J., Podhrázská J. (2024): Erosion risk analysis in a changing climate. Soil & Water 
Res., 19: 50–63.

Abstract: Soil is an irreplaceable natural resource, with irreplaceable ecosystem functions. One of the greatest risks 
of soil degradation in the Czech Republic is accelerated erosion, which causes numerous damages to soil properties 
with negative impacts on the environment. The climate development in recent decades and its forecasts may further 
intensify these processes. This article deals with the analysis of the impacts of changes in selected climatic factors on the 
development of erosion processes, which in the conditions of the Czech Republic are influenced mainly by the develo-
pment of precipitation in the growing season and the development of the values of erosion potential of water released 
by snowmelt in the winter (non-growing) period. The analysis was carried out on a total area of 459.5 km2, in different 
morphological and climatic conditions. The impact of climate change was assessed using historical and updated va-
lues of rain erosivity and snow erosion potential factors. The results show an increase in the risk of erosive loss in the 
growing season for all the analysed areas, while the values of erosive loss in the non-growing period differ from each 
other depending on the climatic and morphological conditions of the areas under study.
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One of the most significant problems currently 
affecting the world’s population is the threat of the 
climate crisis. Global climate change has the poten-
tial to threaten all systems that have to cope with 
the consequences of a new climate state (Parry et 
al. 2007). Although climate change may affect all 
aspects of life on Earth, quantifying these impacts 
remains difficult (Tol 2018). In the Central European 
region, an increasing number of dry periods, longer 
duration, more severe drought and extreme rainfall 
events can be expected as a direct consequence 
of climate change (Trnka et al. 2016a). The continu-
ing trend can have serious impacts on the quality 
of soil as an irreplaceable natural resource and source 

of food production (Pimentel et al. 1976; Hossain 
et al. 2020) and disrupt soil formation processes that 
are influenced by climatic conditions, soil substrate, 
soil organisms, landforms, water and humans (Vá-
cha et al. 2019). Gradual impacts on soil organisms 
will have a greater degree of negative consequences 
(Jansson & Hofmockel 2020).

Over time, agro-climatic conditions have changed 
and agro-climatic factors have been transformed, 
expanding the areas potentially suitable for agricul-
tural purposes. These changes may lead to efforts 
to increase the area of arable land as production 
space and reduce the extent of permanent grassland 
(Trnka et al. 2021). In the conditions of the Czech 
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Republic, we can observe changes in the localization 
of traditional field crops of warm climatic regions, 
such as maize, rape, and wheat. Their sowing ar-
eas are shifting to higher altitudes. In the context 
of increased rainfall extremes, a higher risk of soil 
degradation due to the development of erosion pro-
cesses can be expected in these areas (CzechGlobe 
2016). The most fertile parts of the soil are carried 
away by erosion (Blaikie 1985; Verheijen et al. 2009; 
Šarapatka & Bednář 2015). Bennet and Chapline 
(1928), Wischmeir and Smith (1965, 1978), Jůva et al. 
(1977), Knisel (1980) defined erosion as a process 
that can be triggered by water, wind and snow. This 
process reduces the quality of soil (Butzer 1974; 
Norton et al. 1999; Šarapatka et al. 2018) and water 
(Issaka & Ashraf 2017). The climate change that has 
been taking place in recent decades has also influ-
enced the development of factors entering into the 
assessment of erosion risks and also the design and 
sizing of erosion control measures (Garbrecht et al. 
2015; Šarapatka & Bednář 2022). In the UK, they 
compared changes in erosion loss in three different 
catchments using temperature and precipitation 
characteristics for the period 1961–1990 and climate 
scenarios over the horizons 2010–39, 2040–69 and 
2070–99. They identified a possible positive effect 
of increasing temperatures on biomass production 
and reduced erosive loss (Ciampalini et al. 2020). The 
study of rainfall erosivity trends for the 1987–2006 
climate period and the 2046–2065 model in Iran shows 
an overall decrease in rainfall erosivity and soil erosion 
(Doulabian et al. 2021). The role of future land use 
change and its effect on erosion has been investigated 
in Belgium. The magnitude of erosion events in the 
model catchment will increase between 2021 and 
2100 according to this research, with a significant 
increase from 2041 onwards under current land use; 
current mitigation measures will require significant 
adjustments to continue to control soil erosion and 
flooding in 2041–2100 (Brannigan et al. 2022). Apart 
from erosion processes caused by torrential rainfall, 
wind erosion and snowmelt erosion are also the focus 
of attention in the context of climate and climate 
variability (Edwards et al. 2019). The climate change 
studies show that a changing climate could increase 
the intensity and frequency of torrential rainfall, 
raising concerns about intensive soil erosion and 
sediment deposition. However, these models often 
do not take into account the impacts of freeze-thaw 
cycles (FTC) on soil erosion (Sun et al. 2021). FTCs 
play an important role in saturating the soil with 

water and affects the intensity of soil erosion. In cold 
regions, these processes can cause severe soil erosion 
due to changes in soil structure and texture (Wang 
et al. 2021). The changes in precipitation type (i.e., 
snow or rain), snow accumulation, and snowmelt 
rates will also have a significant effect on the net 
precipitation in the watershed (composed of direct 
precipitation plus snowmelt contribution), which can 
affect surface runoff, erosion, increased flows, sedi-
ment transport, and deposition (Cache et al. 2023). 
Further, Shen et al. (2020) state, that there are more 
studies on water erosion, wind erosion, or snowmelt 
erosion than studies on the effects of coupled soil 
erosion, such as coupled water and snowmelt ero-
sion. The aim of this paper is to analyse these two 
erosion processes in a selected area using historical 
and current climatic factors and to evaluate their 
degree of connectivity and possible effects.

MATERIAL AND METHODS

The characteristics of the territory. This article 
uses data for the district of Nový Jičín, which is located 
in the eastern part of the Czech Republic (Figure 1). 
Nový Jičín (18°E; 49°42'N) is located in the Moravian-
Silesian Region and has an area of 881.8 km2. The 
territory of the Nový Jičín district belongs geomorpho-
logically to two distinct geological formations – the 
Bohemian Highlands with the outcrops of the Nízký 
Jeseník with the Vítkovská vrchovina and the Carpathian 
Mountains with the Podbeskydská pahorkatina and 
the Moravian-Silesian Beskids. Most of the territory 
has a hilly character, the height difference between the 
highest and lowest point of the district is 896 m (233 m 
a.s.l. at Jistebnice Ponds and 1 129 m a.s.l. at the top 
of Radhošt’ Hill). This area is located in the temperate 
climate zone. The central part of the district is the most 
favourable climatically; towards the west and east, the 
climatic conditions become more severe with increas-
ing altitude. Although there are significant differences 
in climatic conditions across this region, the whole 
area is suitable for agricultural production, especially 
the centre of the district, where the demanding crops 
of the production area (sugar beet, wheat, barley) can 
be grown with the right agrotechnics. The marginal 
areas of the district are suitable for less demanding crops 
(rye, oats, potatoes and especially forage crops). The 
soils consist mainly of Stagnosols and Fluvisols along 
the Moravian Gate and Cambisols in the western part 
of the area. Total area of land parcel is 45 951.53 ha. 
Arable land is represented by 31 194.85 ha. 
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Methods of determining water erosion risks. 
The determination of soil loss due to water ero-
sion was used to identify the area of soil loss using 
GIS analyses in ArcGIS Pro (Ver. 3.0.3, 2023). The 
Wischmeir and Smith (1978) equation was used 
to calculate the soil loss, which is used in agricultural 
and design practice in the Czech Republic and also 
serves as a basis for determining the degree of ero-
sion hazard in the land parcel identification system 
(LPIS) to meet the conditions of good agricultural 
and environmental condition (GAEC) for farmers 
farming under direct payments. For a detailed analysis 
of the influence of climatic conditions on erosion, 
the resulting equation was calculated.

E = R × K × LS × C × P 

where:
E – intensity of erosion (t∙ha−1∙year−1);
R – rainfall erosivity factor (MJ∙ha−1∙cm∙h−1∙year−1);
K – soil erodibility factor (t∙h∙MJ−1∙cm−1);
LS – topographic factors (–);
C – cropping management factor (–);
P – supporting practices factor (–).

At the present time, it is clear that the values of factors 
used in agricultural and planning practice to determine 
soil loss due to water erosion do not correspond to cur-
rent conditions, which are affected by ongoing climate 
change. In particular, climate change is propagating into 
the development of rainfall characteristics. Therefore, 

the analyses focus on the comparison of erosion using 
current and updated rainfall erosivity R values.

The rainfall erosion factor R currently used in the 
methodological procedures ( Janeček et al. 2012; 
SPÚ 2022) is set at a constant value for the Czech 
Republic, which is equal to 40 MJ∙ha–1∙cm∙h–1∙year–1 
and is based on the evaluation of the normal climate 
period 1960–1990. The new value of the R factor 
was determined on the basis of current climatic 
data from the Czech Hydrometeorological Institute 
(CHMI) database for the period 1991–2020 using 
modern statistical approaches, which enabled the 
regionalisation of the R factor within the Czech Re-
public (VUMOP 2024). This value is variable within 
the area under consideration, taking values of 51–98 
MJ∙ha–1∙cm∙h–1∙year–1. This R factor is referred to as 
updated (Rch). The soil erodibility factor (K) or soil 
susceptibility to erosion, is defined in the USLE as the 
soil loss from a standard plot expressed in t·ha per unit 
rainfall erodibility factor R (MJ∙ha−1∙cm∙h−1∙year−1). 
Data from the national Estimated Soil Ecological 
Unit (ESEU) database were used to determine the 
K factor. Based on the main soil unit, K factor value 
is assigned to each element of the ESEU vector layer 
(Janeček et al. 2012). In the area under consideration, 
the K factor takes values of 0.15–0.59 t∙h∙MJ−1∙cm−1. 
The USLE2D program (Govers & Van Oost 2000) was 
used to determine the LS factor using the algorithm 
of McCool et al. (1987, 1989), which uses the method 
of calculating the LS factor presented in RUSLE. The 
procedure for calculating the LS factor is described 

Figure 1. Location of the study 
area

Nový Jičín
18°E; 49°42'N

  0           50           100                       200 (km)
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in more detail in the handbook by Dumbrovsky et al. 
(2008). The digital elevation model of the Digital 
Terrain Model of the Czech Republic 4th generation 
and the actual land parcels registered in LPIS were 
used to calculate the intensity of erosion.

The cropping management factor C was determined 
for the cultivated crop according to § 3 of Govern-
ment Regulation No. 307/2014 Coll., on determin-
ing the details of land use records according to user 
relationships, in which the types of agricultural crops 
are divided. Three groups of agricultural crops were 
used in the analysis: arable land, permanent grassland 
and permanent crops. The C factor for arable land 
was determined on the basis of the results found 
by Kadlec and Toman (2002), Janeček et al. (2012). 
Kadlec and Toman (2002) do not consider the C factor 
for permanent crops, therefore the C factor was set 
at 0.22 for permanent crops registered in LPIS – eg. 
orchards, vineyards, hops, where only partial grassing 
was used (Agroprojekt 1988). Permanent grassland 
was entered into the calculation with a factor value 
of C = 0.005 (full grassing). For the overall erosion 
calculation, the value of the supporting practices fac-
tor (P = 1) was set, which means the use of erosion 
control measures such as contour farming or crop 
rotation strips was not considered ( Janeček et al. 
2012). The individual factors of the equation are 
converted to raster surface layers or constants us-
ing appropriate ArcGIS Pro tools. A cell size of 10 × 
10 m was used to create raster bases of these factors. 

Methods of determining snowmelt erosion risks. 
The snowmelt erosion intensity of Zachar (1982) 
is based on the universal equation for calculating 
long-term soil loss from land as given by Wischmeier 
and Smith (1978), in which the factor R is replaced 
by the factors snowmelt rate and the amount of water 
produced by snowmelt over a 20-day period.

The empirical equation for calculating erosion 
from snowmelt:

Es = m × h × k × LS × C × P × K

where:
Es	– intensity of erosion (t∙ha–1∙year–1);
m	– factor of snow melting rate (mm∙day–1);
h	 – factor of amount of water derived from snow during 

the 20-day period (cm);
k	 – factor of runoff water multiplied by 1.5 to 3 (accord-

ing to the state of soil freezing).

The values of m and h can be replaced by the value 
of the so-called erosion potential (EP) which is the 

amount of water accumulated in the snow cover. 
The erosion potential of water accumulated in the 
snow cover can be derived from the CHMI database 
on the water value of snow (SVH) and total snow 
cover (SCE) according to Janeček et al. (2012) and 
Smolíková (2010). The modified Zachar equation 
(Zachar 1982) is then related to:

Es = EP × k × LS × C × P × K (t·ha–1∙year–1)

The erosion potential (EP) was used to determine 
a map of potential soil erosion from snowmelt. 
For the purpose of this study, the EP maps devel-
oped from the CHMI data for the normal period 
1981–2010 (EP) and for the period 1991–2020 
(the updated erosion potential – EPch) were used. 
The values of EP and EPch are variable within the 
study area and can range from 0–274 cm∙mm∙day–1 
for EP and 0–228 cm∙mm∙day–1 for EPch. These 
values were derived from the Map of Erosion Po-
tential for the Czech Republic (Janeček et al. 2012; 
Podhrázská at al. 2022) The value of the runoff 
coefficient during the snowmelt period when the 
soil is saturated with water is equal to 0.5. The value 
of k is multiplied by a number from the interval 
1.5 to 3 according to the soil freezing with respect 
to the possibility of water infiltration into the soil 
and the soil susceptibility to erosion. In the case, 
where data on soil freezing is not available, the 
mean value of the coefficient for frozen soil can 
be used 2 (the value of the runoff water coefficient 
is then k = 1).

The process for determining soil erosivity fac-
tors, gradient, topographic factor and effectiveness 
of antierosion measures (K, LS, and P) is the same 
for snowmelt erosion as for calculating soil loss due 
to the erosive effect of torrential precipitation.

The analysis of  factor C in the non-vegetation 
period has been dealt with in the past mainly by the 
Mendel University team and e.g. Malenová and To-
man (2005); Pokladníková et al. (2008); Středová and 
Toman (2012). The determination of factor C values 
can be done according to the equation:

CNO = 0.8656CVO + 0.128

where:
CNO – C factor for non-vegetation season;
CVO – C factor for vegetation season.

The C factor value must be determined for the pe-
riod of occurrence of erosionally dangerous snowmelt. 
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The tackled area is in climate region 6, 7 and 8, so the 
factor C value for non-vegetation season CNO = 0.315; 
0.304; 0.294 (Janeček et al. 2012); for growing season 
was chosen that one by Kadlec and Toman (2002) 
C = 0.216; 0.204; 0.192. For the localities with a per-
manent grass cover (full grassing), there was selected 
the C factor = 0.005 for both equations. 

Determination of the soil erosion limit. In or-
der to determine the risk level of excessive erosion 
in the selected area, it was necessary to determine 
the limit of long-term soil erosion. The Regulation 
No. 240/2021 on soil erosion protection came into 
force in the Czech Republic in 2021. This regula-
tion sets the permissible long-term soil loss from 
erosion at 9 t∙ha–1∙year–1 for medium and deep soils 
and 2 t∙ha–1∙year–1 for shallow soils. However, at the 
same time, in the process of land consolidation (SPÚ 
2022), the value of erosion limit according to the 
methodology of Janeček et al. (2012) of 4 t∙ha–1∙year–1 
for medium and deep soils and 1 t∙ha–1∙year–1 for 
shallow soils is used to assess the erosion rate.

This approach was followed in the land consolida-
tion for reasons of ensuring methodological continuity 
until the new methodological regulations for land 
consolidation were issued. For the purpose of this 
study, both limits of erosion were taken into account 
and compared with the calculated long-term soil 
loss in the study area. The erosion limit was cal-
culated as the area average of the shallow, medium 
and deep soil limits. The histogram method was 
used via ArcGIS Pro tools to determine what areal 
proportion of agricultural land has an erosion hazard 
lower than the calculated limit. The LPIS were used 
to determine the erosion rated areas. 

RESULTS AND DISCUSION

The analysis of erosion loss during the growing 
period (E) was performed for two specified values 
of the rainfall erosivity factor – the concurrently used 

value (R) and the updated value (Rch). The simul-
taneously used (EP) and updated erosion potential 
(EPch) were used to calculate the erosion potential 
from snowmelt (Es). Figure 2 shows the erosion loss 
calculated for these four values in the form of a box 
plot – in the middle of the box is bounded above 
by the 3rd quartile (75th percentile), below by the 
1st quartile (25th percentile) and between them is a line 
defining the median. The cross inside the box plot 
shows the average value.

Using the R value to calculate the erosion rate, the 
median was 9.05 t∙ha–1∙year–1. When Rch was used 
to calculate erosion loss, there was an increase in val-
ues, with the median value being 13.18 t∙ha–1∙year–1. 
When evaluating snowmelt erosion, the results did 
not differ significantly when using Ep and EPch. 
The median for EP is 0.59 t∙ha–1∙year–1, while the 
median using EPch has a value of 0.63 t∙ha–1∙year–1. 
It is clear from the above, that updating the R fac-
tor climate data can have a significant effect on the 
erosion loss values from torrential rainfall. In the 
case of the snowmelt erosion assessment in the Nový 
Jičín district, no significant changes in erosion loss 
values are observed using the current and updated 
values, but a slight increase is observed in the case 
of EPch. With the change in climatic conditions over 
the year, soils dry out and soil retention decreases, 
then the soil becomes susceptible which is mainly 
reflected by the Rch factor. Trnka et al. (2016b) point 
out the increased risk of drought and erosion which 
will change the level of vulnerability and negatively 
affect soil quality and crop production. Brázdil et al. 
(2022) confirm that temperatures are increasing 
in the Czech Republic but note that periodic lower 
temperatures were observed in the 1850s.

Further analyses were carried out to identify the 
effects of the different forms of erosion in the study 
area by cadastre. Figure 3 shows the cadastral areas 
where water erosion in growing period (green), snow 
thawing erosion in non-growing period (blue) and 

Figure 2. Erosion loss on arable land in the 
Nový Jičín district
E – intensity of erosion; Es – intensity of ero-
sion from snowmelt; R  – rainfall erosivity 
factor; Rch – the updated rainfall erosivity 
factor; EP  – erosion potential; EPch – the 
updated erosion potentialR                  Rch                  EP                 EPch
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areas with non-exceeded limit (yellow) were identi-
fied. It also shows cadastral areas where both types 
of erosion processes are present (red). All these 
results are reported as the median values.

The cadastral  areas were divided according 
to whether only one form of erosion (water erosion 
in growing period or snow thawing erosion in non-
growing period) or both types of erosion processes are 
present, and into areas where the erosion limit was not 
exceeded. Furthermore, an analysis was carried out 
of the areas where the permissible erosion loss was 
exceeded, both according to the current regulation 
(Regulation 240/2021), i.e. the limit of 9 t∙ha–1∙year–1, 
and according to the methodological guidelines (SPÚ 
2022), i.e. 4 t∙ha–1∙year–1. The regulation is linked 
to the subsidy policy for farmers, which serves as an 
instrument for the protection of agricultural land. 
A limit of 4 t∙ha–1∙year–1 is prepared for the change 
in climatic conditions and the tightening of soil pro-
tection, as laid down in the methodological guidelines 
for land development. Panagos et al. (2021) indicates 
that climate change will lead to an increase in erosion 
rates, with soil erosion expected to double by 2050. 
The future increase in erosion on a global scale is con-
firmed by Borelli et al. (2020). Furthermore, Panagos 
et al. (2021) describes, that agri-environmental policy 
is an appropriate tool. When the limit is exceeded, 
the creation of anti-erosion measures is an effective 
tool. These measures improve the soil condition, this 
statement is in line with Kadlec et al. (2014).

Table 1 shows the number of cadastral areas, ac-
cording to the limits of permissible erosion loss for 

each form of erosion and coupled effects, and ac-
cording to the current and updated values of climatic 
factors. The total number of cadastral areas is 113. 
In some cadastral areas both types of erosion occur. 
For this reason, the number of cadastres at risk may 
be greater than 113 when both erosions are combined.

The table shows that in the case of erosion from 
torrential rainfall, almost half of the area is affected 
by excessive erosion if the permissible limit according 
to the methodological guidelines (SPÚ 2022) is set 
at 4 t∙ha–1∙year–1. Using the currently valid R factor, 
44 cadastral areas are affected by excessive erosion. 
if we use updated R factor (Rch) data, 49 cadastral 
areas are affected by excessive erosion. In the case 
of snowmelt erosion, the situation is different. The 
development of snowmelt erosion is clearly influenced 
by the ongoing climate changes in winter. There 
is a decrease in the number of catalogue areas with 
excessive erosion in winter. In cases where the two 
processes are combined in one cat. area, excessive 
erosion occurs in 12 and 14 areas respectively when 
the limit of 4 t∙ha–1∙year–1 is applied, and in only 
6 areas when the limit of 9 t∙ha–1∙year–1 is applied. 
With a limit of 4 t∙ha–1∙year–1, a total of 15 areas 
are at risk of erosion from snowmelt, with a limit 
of 9 t∙ha–1∙year–1, a total of 7 areas are at risk. For 
the new data (Rch and EPch) there is an increase 
in erosion values from heavy precipitation. 

Table 2 shows the percentage of areas affected 
by each form of erosion, the combination of both 
types of erosion and areas where the erosion loss 
limit has not been exceeded. The table includes 

Figure 3. Occurrence of erosion forms in  the cadastral area (district 
Nový Jičín): Water erosin in growing period (A), snow thawing erosion 
in nongrowing period (B), both types of erosion (C)

Water erosin in growing period
Snow thawing erosion in nongrowing period
With non exceededlimit
Both types of erosion

1 : 400 000

(A) (B) (C)
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all agricultural land such as arable land, orchards, 
permanent grassland, etc.

If we evaluate the erosion loss using the currently 
valid R/EP values above the limit of 4 t∙ha–1∙year–1, 
41.16% of the land parcels are threatened by exces-
sive erosion in the growing season, 1.53% by erosion 
from snowmelt, and 14.17% of the land parcels are 
threatened by associated forms of erosion. When 
evaluating the erosion loss using the values of Rch/
EPch (updated values of both factors) and with 
an erosion loss limit of 4  t∙ha–1∙year–1, the area 
threatened by above-limit erosion in the growing 
season increases to 45.26%, but also the area of land 
parcels threatened by associated forms of erosion 
increases to 15.87%. The change is also evident for 
the limit of 9 t∙ha–1∙year–1. This result shows that 
in the district of Nový Jičín the risk of erosion from 
snowmelt is decreasing, but the risk of erosion in the 
growing season is increasing. 

Figure 4 shows the analysed land parcels in the 
area of interest (district Nový Jičín). The land par-
cels are divided according to the risk category: wa-
ter erosion in growing period, snowmelt erosion 
in non-growing period, both types of erosion and with 
non-exceeded limit. The limit is set at 4 t∙ha–1∙year–1 
and 9 t∙ha–1∙year–1. Without exceeding the limit, 

the south of the area and places in the north-west 
are particularly affected. The exceeded limit for 
water erosion alone occurs in a belt from north-east 
to south-west. Snowmelt erosion alone occurs spo-
radically in the northwestern part. The most at risk 
areas for both types of erosion are located mainly 
in the north of the area.

Table 3 shows the size of land parcels (LP) where 
the erosion loss limit was exceeded according to the 
given criteria. 

The analysis shows that the largest percentage 
of the area at risk of excessive erosion (89.17% of the 
area) is when using the updated climate factor for 
erosion from heavy rainfall (Rch), and a limit of 
4 t∙ha–1∙year–1. In the case of erosion from snowmelt, 
the highest percentage of areas at risk is found when 
using the EPch values for the limit of 4 t∙ha–1∙year–1, 
namely 23.56%. Comparing the percentages of areas 
affected by excessive erosion for both erosion loss 
limits, it can be concluded that when comparing the 
erosion loss values using the simultaneously valid 
and updated climate factor for erosion in the growing 
period (R respectively Rch), the percentage of areas 
affected by excessive erosion is 23.56%. Rch), there 
was a significant decrease in the area at excessive 
risk at the higher limit (9 t∙ha–1∙year–1) using both 

Table 1. Number of cadastral areas (CA) according to the established limits of erosion loss for individual forms of erosion

Limit
(t∙ha–1∙year–1)

No.
of CA

Only water erosion 
in growing period, 
number of CA with 

exceeded limit

Only snowmelt erosion 
in non-growing period, 

number of CA with 
exceeded limit 

Both types of erosion, 
number of CA with 

exceeded limit 

Number of CA with 
non-exceeded limit

4 (R/EP) 113 44 3 12 54
4 (Rch/EPch) 113 49 1 14 49
9 (R/EP) 113 29 1   6 77
9 (Rch/EPch) 113 37 1   6 69

R – rainfall erosivity factor; Rch – the updated rainfall erosivity factor; EP – erosion potential; EPch – the updated erosion potential

Table 2. Percentage of land area in the district according to specified criteria

Limit
(t∙ha–1∙year–1)

Total area 
of land  

parcels (ha) 

Only water erosion 
in the growing period, 

area of land parcels 
with exceeded limit

Only snowmelt erosion 
in non-growing period, 

area of land parcels  
with exceeded limit

Both types of erosion, 
area of land parcels 
with exceeded limit

Area of land parcels 
with non-exceeded 

limit

4 (R/EP) 45 951.53 41.16 1.53 14.17 43.13
4 (Rch/EPch) 45 951.53 45.26 0.24 15.87 38.64
9 (R/EP) 45 951.53 33.30 2.05   8.34 56.31
9 (Rch/EPch) 45 951.53 38.57 0.73   9.49 51.21

R – rainfall erosivity factor; Rch – the updated rainfall erosivity factor; EP – erosion potential; EPch – the updated erosion potential
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R and Rch, around 20%. If we evaluate the same 
percentage of areas, affected by excessive erosion 
from snowmelt, the situation is similar (reduction 
of about 8%), only the percentage of areas affected 
by this form of erosion is lower. When comparing 
the erosion loss using the current and updated R/
Rch values, there is a clear increase in the area 
affected by excessive erosion of approximately 

9% regardless of the erosion limit. If the erosion 
loss from snowmelt (EP, EPch) is evaluated simi-
larly, the situation is different. When using a limit 
of 4 t∙ha–1∙year–1 the proportion of areas with ex-
cessive erosion increases slightly (approx. 0.5%), 
when using a limit of 9 t∙ha–1∙year–1 the proportion 
of areas with excessive erosion decreases slightly 
(approx. 0.2%).

Table 3. Total area of arable land parcels with exceeded limit

4 (t∙ha–1∙year–1) 9 (t∙ha–1∙year–1)
Present values of climatic factors

R: the size of the LP with exceeded limit 
(ha) 25 180.33 18 964.63
(%) 80.72 60.79

EP: the size of the LP with exceeded limit 
(ha) 7 162.38 4 736.86
(%) 22.96 15.18

Updated values of climatic factors

Rch: the size of the LP with exceeded limit 
(ha) 27 816.99 21 877.88
(%) 89.17 70.13

EPch: the size of LP with exceeded limit
(ha) 7 348.28 4 661.66
(%) 23.56 14.94

Total size of arable LP (ha) 31 194.85 31 194.85

R – rainfall erosivity factor; Rch – the updated rainfall erosivity factor; EP – erosion potential; EPch – the updated erosion 
potential; LP – land parcels

Figure 4. Analysis of forms of erosion 
in the Nový Jičín district, using speci-
fied limits of erosion loss
R – rainfall erosivity factor; Rch – the 
updated rainfall erosivity factor; EP – 
erosion potential; EPch – the updated 
erosion potential

R/EP: 4 t∙ha–1∙year–1

Rch/EPch: 4 t∙ha–1∙year–1 Rch/EPch: 9 t∙ha–1∙year–1

R/EP: 9 t∙ha–1∙year–1

Water erosin in growing period
Snow thawing erosion in
nongrowing period
With non exceeded limit
Both types of erosion

1 : 500 000
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Figures 5 and 6 show the overall distribution of the 
area of arable land at risk with respect to land size. 
Large land parcels over 80 ha are less threatened 
because these land parcels are less represented in the 
area of interest (district Nový Jičín).

The most affected areas are in the category of 10 to 
80 ha, with a significant share of erosion from torren-
tial rainfall. When comparing simultaneously valid and 
updated data of climate factors R and Rch, an increase 
in arable land affected by excessive erosion can be de-
tected, the biggest difference being in the 20–30 ha 
category, where the increase is 788 ha. In the case 
of erosion from snowmelt and a similar comparison 
of excessive erosion, the results differ slightly, but 
in the 30–80 ha category the increase in areas with 
excessive erosion using EPch is up to 131 ha.

Using a limit of 9 t∙ha–1∙year–1, arable land on land 
parcels of 30–80 ha is most at risk of excessive ero-
sion at both values (R/Rch), with an increase in ar-
able land area of 751 ha at Rch. Again, arable land 
blocks of 10–20, 20–30 and 30–80 ha are most at risk. 
Our results are in line with the final report of the 
farmland erosion monitoring (Kapička et al. 2021), 
which states that the most affected land parcels are 

10–20 and 30–80 ha. It  is further shown that all 
other categories take on similar values.

The slope of the land also has a significant effect 
on the magnitude of erosion loss. The Figures 7 and 8 
present the results of the effect of the average slope 
of the land parcels on the magnitude of excessive 
erosion loss according to the limits used. Jáchymová 
et al. (2017) state that the danger is especially for 
large areas with high slope, which corresponds with 
the observed results. These results are also con-
firmed by (Wu & Wang 2011; Liu et al. 2014 and 
Mahmoodabadi & Sajjadi 2016).

The analyses show that arable land with a slope 
greater than 25° are the least at risk, due to the fact that 
arable land is rarely found on these land parcels. The 
largest percentage of arable land parcels at excessive 
risk of erosion from heavy rainfall (R and Rch) belongs 
to the slight slope (3–7°) and medium slope (7–12°) 
categories. In contrast, land with higher slopes is more 
at risk of excessive erosion from snowmelt. (EP and 
EPch) is the most at risk are land parcels with medium 
slope (7–12°) and significant slope (12–17°), which are 
mostly located at higher elevations. Our results are 
in line with the final report of the farmland erosion 
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Figure 5. Distribution of the area of ar-
able land affected by erosion of more 
than 4 t∙ha–1∙year–1

R  – rainfall erosivity factor; Rch – the 
updated rainfall erosivity factor; EP  – 
erosion potential; EPch – the updated 
erosion potential
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Figure 6. Distribution of  the area 
of  arable land affected by  erosion 
of more than 9 t∙ha–1∙year–1

R – rainfall erosivity factor; Rch – the 
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erosion potential; EPch – the updated 
erosion potential

https://www.agriculturejournals.cz/web/swr/


59

Soil and Water Research, 19, 2024 (1): 50–63 Original Paper

https://doi.org/10.17221/110/2023-SWR

monitoring (Kapička et al. 2021). Erosion reduction can 
be achieved by following the Good Agricultural and 
Environmental Condition (GAEC) standards, which 
set out the principles for managing higher slope land. 
Van Oost et al. (2006) state that on higher gradient 
land, the land should be cultivated in a suitable way 
that eliminates erosion risks. Not only proper tillage, 
but also appropriate seeding practices have an impact 
on soil erosion (Hammerová et al. 2016; Chen et al. 
2022; Preiti et al. 2022). According to Arnhold et al. 
(2014), conventional farming shows higher soil loss 
compared to organic farming.

CONCLUSION

Soil protection within the EU has become a key 
issue in recent decades and will remain a key issue 

in the future (Janků et al. 2022). Many studies address 
the future impact of climate change on soil erosion 
risks, soil management and changes in cropping pat-
terns. Scenarios of future changes in climate factors 
and their impacts have been developed (Li & Fang 
2016; Anderson et al. 2020; Edwards et al. 2019; 
Brannigan et al. 2022; Eekhout & de Vante 2022; and 
many others). In our paper, we focus on the impacts 
of real changes in climate factors affecting erosion 
processes. Methodologically, the values of climatic 
factors affecting erosion are back-calculated from 
30 years of normal precipitation data. These factors 
are currently being re-evaluated using new normal 
periods. The use of existing and updated data of cli-
matic factors for the assessment of erosion processes 
gives room for comparison of changes that will di-
rectly affect both the assessment of erosion risk for 
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Figure 7. Slope categories (maximum slope) 
and areas of arable land affected by excess 
erosion greater than 4 t∙ha–1∙year–1

R – rainfall erosivity factor; Rch – the updated 
rainfall erosivity factor; EP – erosion potential; 
EPch – the updated erosion potential

Figure 8. Slope categories (maxi-
mum slope) and areas of  arable 
land affected by  excess erosion 
greater than 9 t∙ha–1∙year–1

R – rainfall erosivity factor; Rch – 
the updated rainfall erosivity factor; 
EP – erosion potential; EPch – the 
updated erosion potential
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the purpose of implementing the legislative measures 
in the form of a regulation (Regulation 240/2021) 
and the objectives of land consolidation, which set 
stricter rules for compliance with soil protection 
principles. The risk of soil erosion from snowmelt 
was also taken into account and the possible effects 
of changing erosion potential values on erosion loss 
in the non-growing period were analysed:
– Using updated rainfall erosivity data (Rch), the 

modelling identified an increase in the area of ar-
able land (for the 4 t∙ha–1∙year–1 limit by 8.45% and 
for the 9 t∙ha–1∙year–1 limit by 9.34%) excessively 
vulnerable to water erosion. The increase for both 
limits is approximately 9%.

– The updated snowmelt erosion potential data 
provided different results for different limits 
of permissible erosion loss. On arable land, for 
the 4 t∙ha–1∙year–1 limit, there was a 0.60% increase 
in erosion loss, and for the 9 t∙ha–1∙year–1 limit, 
there was a 0.24% decrease in erosion loss. This 
statement can be applied to sites with similar 
characteristics. For lower elevations with higher 
temperatures, where the snow stays for only a short 
time, there will be more rapid erosive loss in the 
non-growing period.

– The risk of excessive erosion is also increased when 
erosion processes coexist, as these processes take 
place throughout the year. It has been identified 
12 (R/EP) and 16 (Rch/EPch) cadastral areas at risk 
for the limit of 4 t∙ha–1∙year–1. There are three 
cadastral areas at risk for a limit of 9 t∙ha–1∙year–1. 
Figure 4 has been created to show the vulnerability 
of each land parcels for greater detail.

– When we compare the results of the erosion pro-
cess assessment using the updated values of the 
climatic factors, we conclude that when the permis-
sible erosion loss is set at 9 t∙ha–1∙year–1 the area 
at risk of erosion is 10.4% ha more than the origi-
nal area, when the permissible erosion loss is set 
at 4 t∙ha–1∙year–1 the area at risk increases by 7.5% 
The change in the R factor (Rch) is the most signifi-

cant contributor to the increase in the area at exces-
sive risk of erosion, while the change in the erosion 
potential (EPch) has a minimal effect. The results 
are valid for the area of interest Nový Jičín, which 
is located at the area of foothills. Despite the fact that 
the update of the erosion potential values revealed 
a decrease in its maximum values, the size of the area 
affected by excessive loss varied only minimally. The 
results of this study indicate that the size of areas 
excessively threatened by water erosion increases due 

to the update of the rainfall erosivity factor in the 
calculation of erosion intensity by the standard USLE 
method. This needs to be taken into account when 
selecting a system of erosion control measures, both 
in the area of arable land, where modern agrotechnical 
and organisational measures are to be applied and 
in the choice of technical measures. Only technical 
erosion control measures can permanently optimise 
the size and shape of land parcels to reduce erosion 
processes. In the conditions of the Czech Republic, 
the standard proposed measures against water ero-
sion are usually sufficient to protect the soil in the 
non-growing period. In areas where snowmelt dam-
age is frequent and where a higher erosion runoff 
from snowmelt than from heavy rainfall is detected, 
it is advisable to increase soil protection in the non-
growing period and to design erosion protection 
measures in view of the higher erosion runoff value 
detected. For the protection of arable land in non- 
growing period it is very important to keep the soil 
surface covered by the winter crops, post-harvest 
residues or intercrops in combination with techni-
cal measures, that have also very important effect 
against water erosion.

REFERENCES 

Agroprojekt (1988): Soil Erosion Protection. Technical 
Directive, Brno. (in Czech)

Anderson R., Bayer P.E., Edwards D. (2020): Climate change 
and the need for agricultural adaptation. Current Opinion 
in Plant Biology, 56: 197–202.

Arnhold S., Lindner S., Lee B., Martin E., Kettering J., 
Nguyen T.T., Koellner T., Ok Y.S., Huwe B. (2014): Con-
ventional and organic farming: Soil erosion and conser-
vation potential for row crop cultivation. Geoderma, 
219: 89–105.

Bennett H., Chapline W. (1928): Soil Erosion a National Me-
nace. Washington, D.C., US Department of Agriculture.

Blaikie P. (1985): The Political Economy of Soil Erosion 
in Developing Countries. London, Longman Scientific 
& Technical.

Borreli P., Robinson D.A., Panagos P., Lugato E., Yang 
J.E., Alewell C., Wuepper D., Montanarella L., Balla-
bio C. (2020): Land use and climate change impacts 
on global soil erosion by water (2015–2070). PNAS, 117: 
21994–22001.

Brannigan N., Mullan D., Vandaele K., Graham C., McKin-
ley J., Meneely J. (2022): Modelling soil erosion by water 
under future climate change: Addressing methodological 
gaps. Catena, 216: 106403.

https://www.agriculturejournals.cz/web/swr/


61

Soil and Water Research, 19, 2024 (1): 50–63 Original Paper

https://doi.org/10.17221/110/2023-SWR

Brázdil R., Dobrovolný P., Mikšovský J., Pišoft P., Trnka M., 
Možný M., Bálek J. (2022): Documentary-based climate 
reconstructions in the Czech Lands 1501–2020 CE and 
their European context. Climate of the Past, 18: 935–959.

Butzer K.W. (1974): Accelerated soil erosion: A problem 
of man-land relationships. Perspectives on Environment, 
13: 57–77.

Cache T., Ramirez J.A., Molnar P., Ruiz-Villanueva V., 
Peleg N. (2023): Increased erosion in a pre-Alpine re-
gion contrasts with a future decrease in precipitation and 
snowmelt. Geomorphology, 436: 108782.

Chen L., Rejesus R.M., Aglasan S., Hagen S.C., Salas W. 
(2022): The impact of cover crops on soil erosion in the 
US Midwest. Journal of Environmental Management, 
323: 116168.

Ciampalini R., Constantine J.A., Walker-Springett K.J., Hales 
T.C., Ormerod S.J., Hall I.R. (2020): Modelling soil erosion 
responses to climate change in three catchments of Great 
Britain. Science of the Total Environment, 749: 141657.

Czech Globe (2016): Impacts of climate change on European 
and Czech agriculture and possible adaptation measures. 
Available on https://www.klimatickazmena.cz/cs/vse-o-
klimaticke-zmene/dopady-zmeny-klimatu-na-eu-a-cr-
zemedelstvi/ (in Czech)

Doulabian S., Toosi A.S., Calbimonte G.H., Tousi E.G., Alagh-
mand S. (2021): Projected climate change impacts on soil 
erosion over Iran. Journal of Hydrology, 598: 126432.

Dumbrovský M., Hošková V., Pavlík F., Uhrová J. (2008): 
Basic Topographic and Hydrologic Tools and Erosion 
Shear Calculation in Arc GIS. VUT Brno, Brno. (in Czech)

Edwards B.L., Webb N.P., Brown D.P., Elias E., Peck D.E., 
Pierson F.B., Herrick J.E. (2019): Climate change impacts 
on wind and water erosion on US rangelands. Journal 
of Soil and Water Conservation, 74: 405–418.

Eekhout J.P., de Vente J. (2022): Global impact of climate 
change on soil erosion and potential for adaptation through 
soil conservation. Earth-Science Reviews, 226: 103921.

Garbrecht J.D., Nearing M.A., Steiner J.L., Zhang X.J., 
Nichols M.H. (2015): Can conservation trump impacts 
of climate change on soil erosion? An assessment from 
winter wheat cropland in the Southern Great Plains of the 
United States. Weather and Climate Extremes, 10: 32–39.

Govers G., Van Oost K. (2000): USLE2D Homepage: Di-
vision of Geography of KU Leuven. Geography of KU 
Leuven. Available on: https://ees.kuleuven.be/eng/geog-
raphy/modelling/usle2dhome/references/

Hammerová A., Polcar A., Šimečková J., Jandák J. (2016): 
Risks of growing sugar beet on land endangered by erosion. 
Listy cukrovarnické a řepařské. 132: 375–379. (in Czech)

Hossain A., Krupnik T.J., Timsina J., Mahboob M.G., Chaki 
A.K., Farooq M. (2020): Agricultural land degradation: Pro-

cesses and problems undermining future food security. In: 
Fahad S., Hasanuzzaman M., Alam M., Ullah H., Saeed M., 
Ali Khan I., Adnan M. (eds.): Environment, Climate, Plant 
and Vegetation Growth. Cham, Springer International 
Publishing: 17–61.

Issaka S., Ashraf M.A. (2017): Impact of soil erosion and 
degradation on water quality: A review. Geology, Ecology, 
and Landscapes, 1: 1–11.

Jáchymová B., Krása J., Dostál T., Bauer M. (2017): The im-
portance of catchment characteristics in terms of intensive 
erosion runoff formation threat level. Vodohospodářské 
technicko-ekonomické informace, 59: 17–26. (in Czech)

Janeček M. et al. (2012):  Protecting Agricultural Land from 
Erosion, Methodology. Prague, Czech University of Life 
Sciences Prague. (in Czech)

Janků J., Jehlička J., Heřmanová K., Toth D., Maitah M., 
Kozák J., Vopravil J., Vácha R., Jacko K., Herza T. (2022): 
An overview of a land evaluation in the context of eco-
system services. Soil and Water Research, 17: 1–14.

Jansson J.K., Hofmockel K.S. (2020): Soil microbiomes and 
climate change. Nature Reviews Microbiology, 18: 35–46.

Jůva K., Tlapák V., Hrabal A. (1977): Protection of Soil, 
Vegetation, Water and Air. Prague, Státní zemědělské 
nakladatelství. (in Czech)

Kadlec M., Toman F. (2002): Regionalisation of the vegetation 
cover factor C for the predominant cropping pattern. Acta 
Universitatis Agriculturae et Silviculturae Mendelianae 
Brunensis, 50: 83–90. (in Czech)

Kadlec V., Žížala D., Novotný I., Heřmanovská D., Kapička J., 
Tippl M. (2014): Land consolidations as an effective instru-
ment in soil conservation. Ekológia (Bratislava), 33: 188–200.

Kapička J., Žížala D., Vít V., Novotný I. (2021): Agricul-
tural Soil Erosion Monitoring – Final Report. Available 
on https://me.vumop.cz/docs/ZZ_monitoring_2022.pdf 
(in Czech)

Knisel W.G. (1980): CREAMS: A Field Scale Model for 
Chemicals, Runoff, and Erosion from Agricultural Man-
agement Systems. Washington, Department of Agricul-
ture, Science and Education Administration.

Li Z., Fang H. (2016): Impacts of climate change on water 
erosion: A review. Earth-Science Reviews, 163: 94–117.

Liu Q.J., Shi Z.H., Yu X.X., Zhang H.Y. (2014): Influence 
of microtopography, ridge geometry and rainfall intensity 
on soil erosion induced by contouring failure. Soil and 
Tillage Research, 136: 1–8.

Mahmoodabadi M., Sajjadi S.A. (2016): Effects of rain in-
tensity, slope gradient and particle size distribution on the 
relative contributions of splash and wash loads to rain-
induced erosion. Geomorphology, 5: 77–84.

Malenová P., Toman F. (2005): Impact of snowthawing on en-
dangered range of  soil erosion. In: Ryant P., Cerkal R., 

https://www.agriculturejournals.cz/web/swr/


62

Original Paper Soil and Water Research, 19, 2024 (1): 50–63

https://doi.org/10.17221/110/2023-SWR

Středa T., Kapler P., Vejražka K. (eds.): MendelNet´05 Agro. 
Brno, Mendel University of Agriculture and Forestry in Brno.

McCool D.K., Brown L.C., Foster G.R., Mutchler C.K., 
Mayer L.D. (1987): Revised slope steepness factor for the 
Universal Soil Loss Equation. Transactions of the ASAE, 
30: 1387–1396.

McCool D.K., Foster G.R., Mutchler C.K., Mayer L.D. 
(1989): Revised slope length factor for the Universal Soil 
Loss Equation. Transactions of the ASAE, 32: 1571–1576.

Norton D., Shainberg I., Cihacek L., Edwards J.H. (1999): 
Erosion and soil chemical properties. In: Lal R. (ed.): 
Soil Quality and Soil Erosion. Ankeny, Soil and Water 
Conservation Society: 39–56.

Panagos P., Ballabio C., Himics M., Scarpa S., Matthews F., 
Bogonos M., Poesen J., Borrelli P. (2021): Projections 
of soil loss by water erosion in Europe by 2050. Environ-
mental Science & Policy, 124: 380–392.

Parry M.L., Canziani O.F., Palutikof J.P., van der Linden 
P.J., Hanson C.E. (eds.) (2007): Climate Change 2007: 
Impacts, Adaptation and Vulnerability. Contribution 
of Working Group II to the 4th Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge, 
Cambridge University.

Pimentel D., Terhune E.C., Dyson-Hudson R., Rochere-
au S., Samis R., Smith E.A., Denman D., Reifschneider D., 
Shepard M. (1976): Land degradation: Effects on food and 
energy resources. Science, 194: 149–155.

Podhrázská J., Kučera J., Karásek P., Křížek P., Dumbrov-
ský M., Sobotková V. (2022): Procedures for assessing ero-
sion intensity in the non-vegetation period and proposals 
for measures on agricultural land. Brno, VÚMOP. (in Czech)

Pokladníková H., Toman F., Středa T. (2008): Negative 
impacts of snowmelting on the soil. Acta Universitatis 
Agriculturae et Silviculturae Mendelianae Brunensis, 
56: 143–148.

Preiti G., Antonio C., Porto P., Romeo M., Monti M., Bac-
chi M. (2022): Long-term effects of different arable crop-
ping systems on surface erosion processes and C-factor 
in hilly Mediterranean environment. Soil and Tillage 
Research, 223: 105480.

Regulation (2021): Regulation 240/2021 on the Protec-
tion of Agricultural Land from Erosion. Ministry of the 
Environment of  the Czech Republic Pursuant to Act 
No. 334/1992 Coll., on the Protection of the Agricul-
tural Soil Fund, as Amended by Act No. 41/2015 Coll. 
Available on https://www.mzp.cz/www/platnalegislativa.
nsf/D144C1555B511BCEC125870D0030BD9B/%24file/
VYHL_240_2021_OL.pdf

Šarapatka B., Bednář M. (2015): Assessment of potential soil 
degradation on agricultural land in the Czech Republic. 
Journal of Environmental Quality, 44: 154–161.

Šarapatka B., Bednář M. (2022): Rainfall erosivity impact 
on sustainable management of agricultural land in chang-
ing climate conditions. Land, 11: 467.

Šarapatka B., Cap L., Bílá P. (2018): The varying effect 
of water erosion on chemical and biochemical soil prop-
erties in different parts of Chernozem slopes. Geoderma, 
314: 20–26.

Shen H.O., Wang D.L., Wen L.L., Zhao W.T., Zhang Y. 
(2020): Soil erosion and typical soil and water conser-
vation measures on hillslopes in the Chinese Mollisol 
region. Eurasian Soil Science, 53: 1509–1519.

Smolíková J. (2010): Soil erosion hazard zonation during 
snowmelt according to climatic conditions. [Ph.D. The-
sis.] Brno, Mendel university in Brno, Faculty of Agri-
culture. (in Czech)

SPÚ (2022): Methodological Guidance for the Implementa-
tion of Land Consolidation and Technical Standard for 
the Common Facilities Plan. Available on https://www.
spucr.cz/pozemkove-upravy/pravni-predpisy-a-meto-
diky/metodicky-navod-k-provadeni-pozemkovych-up-
rav-a-technicky-standard-planu-spolecnych-zarizeni 
(in Czech)

Středová H., Toman F. (2012): Erosion potential of snow 
cover in the Czech Republic. Acta Universitatis Agricultu-
rae et Silviculturae Mendelianae Brunensis, 15: 117–124.

Sun B., Ren F., Ding W., Zhang G., Huang J., Li J., Zhang L. 
(2021): Effects of freeze-thaw on soil properties and water 
erosion. Soil and Water Research, 16: 205–216.

Tol R.S. (2018): The economic impacts of climate change. 
Review of Environmental Economics and Policy, 12: 4–25.

Trnka M., Balek J., Štěpánek P., Zahradníček P., Možný M., 
Eitzinger J., Žalud Z., Formayer H., Turňa M., Nejedlík P., 
Semerádová D., Hlavinka P., Brázdil R. (2016a): Drought 
trends over part of Central Europe between 1961 and 
2014. Climate Research, 70: 143–160.

Trnka M., Semerádová D., Novotný I., Dumbrovský M., 
Drbal K., Pavlík F., Vopravil J., Stěpánková P., Vizina A., 
Bálek J., Hlavinka P., Bartošová L., Žalud Z. (2016b): As-
sessing the combined hazards of drought, soil erosion and 
local flooding on agricultural land: A Czech case study. 
Climate Research, 70: 231–249. 

Trnka M., Balek J., Brázdil R., Dubrovský M., Eitzinger J., 
Hlavinka P., Chuchma F., Možný M., Prášil I., Růžek P., 
Semerádová D., Štěpánek P., Zahradníček P., Žalud Z. 
(2021): Observed changes in the agroclimatic zones in the 
Czech Republic between 1961 and 2019. Plant Soil Envi-
ronment, 67: 154–163.

Vácha R., Čechmánková J., Duffková R., Fučík P., Hor-
váthová V., Huislová P., Kabelka D., Kapička J., Khel T., 
Kincl D., Kulhavý Z., Novák P. R. N. D., Novotný I., Pa-
paj V., Pelíšek I., Podhrázská J., Pochop M., Skála J., Sr-

https://www.agriculturejournals.cz/web/swr/


63

Soil and Water Research, 19, 2024 (1): 50–63 Original Paper

https://doi.org/10.17221/110/2023-SWR

bek J., Tlapáková L., Vopravil J., Zajíček A. (2019): Soil 
– Our Wealth. Prague, Profi Press. (in Czech)

Van Oost K., Govers G., De Alba S., Quine T. A. (2006): 
Tillage erosion: A review of controlling factors and im-
plications for soil quality. Progress in Physical Geography, 
30: 443–466.

Verheijen R.G.A., Jones R.J.A., Rickson R.J., Smith C.J. 
(2009): Tolerable versus actual soil erosion rates in Eu-
rope. Earth-Science Reviews, 94: 23–38.

VUMOP (2024): Erosion Protection Calculator. Výzkumný 
ústav meliorací a ochrany půd. Available on https://meta-
data.vumop.cz/record/basic/54c8933e-5a48-4b40-bf7d-
13707f000001. (in Czech)

Wang Q., Qi J., Qiu H., Li J., Cole J., Waldhoff S., Zhang X. 
(2021): Pronounced increases in future soil erosion and 
sediment deposition as influenced by freeze–thaw cycles 
in the Upper Mississippi River Basin. Environmental Sci-
ence & Technology, 55: 9905–9915.

Wischmeier W.H., Smith D.D. (1965): Predicting Rain-
fall-erosion Losses from Cropland East of the Rocky 
Mountains: Guide for Selection of Practices for Soil and 
Water Conservation. Washington, Agricultural Research 
Service, USDA.

Wischmeier W.H., Smith D.D. (1978): Predicting Rain-
fall Erosion Losses: A Guide to Conservation Planning. 
Washington, Department of Agriculture, Science and 
Education Administration.

Wu X., Wang X. (2011): Spatial influence of geographical 
factors on soil erosion in Fuyang County, China. Procedia 
Environmental Sciences, 10: 2128–2133.

Zachar D. (1982): Soil Erosion. Amsterdam, Elsevier Sci-
entific Publishing Company. 

Received: November 16, 2023
Accepted: January 24, 2024

Published online: February 8, 2024

https://www.agriculturejournals.cz/web/swr/

