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Abstract: The effect of the morphology is key aspect of erosion modelling. In Universal Soil Loss Equation (USLE)
type methods, this effect is expressed by the topographic factor (LS). The LS calculation in GIS is performed by a unit
contributing area (UCA) method and can mainly be influenced by the pixel resolution, by the flow direction algorithm
and by the inclusion of a hydrologically closed unit (HCU) principle, the cutoff slope angle (CSA) principle and the
ephemeral gullies extraction (EG) principle. This research presents a new LS-RUSLE tool created with the inclusion of
these principles in the automatic user-friendly GIS tool. The HCU principle using a specific surface runoff interruption
algorithm, based on pixels with NoData values at the interruption points (pixels), appears to be key. With this proce-
dure, the occurrence of overestimation results by flow conversion was rapidly reduced. Additionally, the reduction of
extreme L and LS values calculated in the GIS environment was reached by the application of the CSA and EG princi-
ples. The results of the LS-RUSLE model show the prospective use of this tool in practice.

Keywords: cutoff slope angle; hydrologically closed unit; L factor; LS factor; unit contributing area

Probably the most important influence on the cor-
rectness of the evaluation, whether it is the long-term
soil loss or sediment transport, is due to the terrain
morphology. The influence of the morphology in the
Universal Soil Loss Equation (USLE) (Wischmeier
& Smith 1978) or on the revised version RUSLE
(Renard et al. 1997) or also on the modified ver-
sion MUSLE (Williams & Berndt 1977) is expressed
by the topographic factor (LS). These methods are
widely accepted over the world and, therefore, were
a principle methodological source for the creation

of several so-called USLE family models — RULSE2
(USDA 2008), RUSLE 3D (Desmet & Govers 1996;
Mitdsova & Mitds 1999), USPED (MitdSova et al.
1996), Atlas DMT Erosion Modul (Atlas DMT 2019),
CSLE (Liu et al. 2002), PERFECT (Littleboy et al.
1992), G2 (Panagos et al. 2014; Karydas & Panagos
2016), SWAT (Arnold et al. 1998), WATEM/SEDEM
(Van Rompaey et al. 2001), SEDD (Ferro & Minacapilli
1995), CREAMS (Knisel 1980; Silburn & Freebairn
1992), AGNPS (Young et al. 1989), AnnAGNPS (Bosch
et al. 1998), ERCN (Chlada & Dumbrovsky 2000),
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EPIC (Williams et al. 1983). According to several
authors (Moore & Wilson 1992; Desment & Govers
1996; Mitasova et al. 1996; Kinell 2008; Zhang et al.
2013), the LS factor calculation is a key aspect of the
soil loss prediction accuracy.

A number of computational relationships of the
LS factor have been derived. The evolution of the
LS factor equation was described by Rodriguez
and Sudrez (2010). The original manual computa-
tional methods based on the determination of the
representative flow paths on the plot subtracted
from the contour maps (Wischmeier & Smith 1965,
1978; Foster & Wischmeier 1974) were replaced by
a fully distributive computation in the GIS environ-
ment (Moore & Burch 1986) using the principle of
replacing the horizontal slope-length by the unit
contributing area (UCA). The UCA method was
adopted in several studies (Desment & Govers 1996;
Mitdsova et al. 1996; Moore et al. 1991; Moore &
Wilson 1992). The UCA is derived from the digi-
tal terrain model (DTM) by determining the flow
direction and then the flow accumulation raster
multiplied by the given pixel resolution. Basically,
two groups of flow direction algorithms can be
distinguished — the single-flow direction (SFD)
(O'Callaghan & Mark 1984; Jenson & Dominique
1988; Fairfield & Leymarie 1991; Orlandini et al.
2003) and the multiple-flow direction (MFD) (Free-
man 1991; Quinn et al. 1991; Tarboton 1997; Seibert
& McGlynn 2007). The resulting flow direction
raster is then used as the input data to the given
flow accumulation algorithm (Jenson & Dominique
1988; Freeman 1991; Quinn et al. 1991; Tarboton et
al. 1991; Tarboton 1997; Quinn et al. 1995; Wolock
& McCabe 1995).

There are several other problems that are mainly
connected with the overestimation or underesti-
mation of the slope-length and the L factor values.
Several authors adopted different principles to solve
this problem. Hickey et al. (1994), Dunn and Hickey
(1998) and Hickey (2000) brought the cutoff slope
angle principle (CSA) as a method for the inclusion
of deposition areas in the slope-length calculation.
This method was modified according to the RUSLE
principles by Van Remortel et al. (2001). Van Remortel
et al. (2004) presented the flow path and cumulative
cell length method (FCL) respecting the horizontal
projection of the slope-length principle in the 2D ter-
rain according to Wishmeier and Smith (1978). Zhnag
et al. (2017) adopted the modified CSA method by
Van Remortel et al. (2004) and transformed the FCL

method (Van Remortel et al. 2001) to 3D conditions
taking the terrain convergences into account.

The goal of the paper is to compare and discuss the
abovementioned principles of reducing the extreme
LS values and integrate the selected principles in a
newly created GIS tool — LS-RUSLE. The goal of the
created tool is to have complete automation, to speed
up and simplify the time-consuming calculation of
the correct LS factor values without extremes. For
practical use in erosion modelling, the tool has been
created with a user-friendly interface that is familiar
with the most often used GIS software — ArcGIS.

METHODOLOGY

For an overview, first, the individual points of the
methodology and the aims of our testing are stated:
(1) The creation model/script for the calculation of

the LS factor based on the UCA (Equations (5)—(6),

Figure 1) and SUCA (Equations (7)—(9)) principle us-

ing Python programming language and ArcGIS APL

(2) To analyse of the impact of the raster resolu-
tion (1 m vs. 10 m), the flow direction algorithms
(D8 vs. D) and the HCU principle (without the
HCU vs. with the HCU) on the resulting LS values
and the average annual soil loss values (Table 2,
Figures 4-6).

(3) The integration of the mentioned methods for
reducing the extreme values (HCU-LPIS, HCU,
CSA, EG3, EG5) in the created LS factor model
using Python and ArcGIS API (Figures 2—3). Each
principle was integrated particularly by itself and
then gradually combining them together. It means
that several variants of the model were created
and tested.

(4) To perform analyses of the spatial comparisons
of several variants of the computation — inclusion
of each principle of reducing the extreme values
and their combinations. To respectively analyse
the impact of the given variants to the resulting
L and LS values (Table 3).

(5) To create a final LS-RUSLE tool with the integrated
selected principles for reducing the extreme values
as an ArcGIS tool with a user-friendly interface
and the automation of all the time-consuming
calculations (Figures 7-8). Examples of the re-
sulting raster values generated by the model are
shown in Figure 9.

The basic form of the Equations for the LS-RUSLE
calculation (1)—(4) according to McCool (1987) and
Renard et al. (1997) are:
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L= [LJ (1)
22.13

S =10.8 sin(s,) + 0.03 (2)

S =16.8sin (s,)) - 0.5 (3)

where:

LS — the topographic factor,

A — the horizontal projection of the uninterrupted
slope length,

— the slope (rad) < 9%,

, — theslope (rad) > 9%,

m — the exponent determined by Equation:

51

S

( sins j
m :L , where: = __\0.08%) (4)
(B+1) 3(sin 5)™* +0.56

These are the basic equations used for the crea-
tion of the GIS tool LS-RUSLE. Its user interface
and structure are shown in Figures 7 and 8 and its
principles are described below. Next, the attention
is given to the L factor, particularly to the horizontal
projections of the uninterrupted slope length ().
A\ was calculated by several different methods based
on the flow accumulation algorithm:

(1) The unit contributing area — UCA (Moore &
Burch 1986; Moore & Wilson 1992; Desment &
Govers 1996; Zhang et al. 2013, 2017),

(2) The simplified unit contributing area — SUCA
(Mitdsova et al. 1996, 1998),

(3) The hydrologically closed unit principle - HCU
(Atlas DTM 2019, Van Oost & Govers 2000),

(4) The cutoff slope angle principle — CSA (Dunn &
Hickey 1998; Hickey 2000; Van Remortel et al. 2001)

(5) The ephemeral gullies extraction principle —
EG3, EG5.

Two different flow direction algorithms D8 (Jenson
& Dominique 1988) and De (Tarboton 1997) were
compared to generate the flow accumulation raster.
The high precision (up to 0.18 m) LiDAR DMR 5G
(CUZK) was used as the altitude data. This precision

https://doi.org/10.17221/128/2019-SWR

enabled the creation of the DEM with resolutions
of 1 and 10 m. The relevant characteristics of the
model area are summarised in Table 1. In this table,
the characteristics of the model are compared, the
watershed — all the watershed, solved hydrologically
closed units (HCU - see second paragraph below)
and the LPIS land block (Trojdc¢ek & Kadlubiec 2004).
These parameters give the basic overview of the
testing terrain conditions.

Unit contributing area principle (UCA, SUCA).
The L factor equation by Foster and Wischmeier
(1974) was transformed by Desment and Govers
(1996) for the DEM surface subdivided into a number
of segments represented by grid cells (GC):

m+1 m+l
L = As? —As? (5)
Y (4s,, - 4s, ) (22.13)"
where:

L., - theL factor for the GC with the coordinates x, y,
Asx’y — the UCA at the outlet of the GC with the coordi-
nates x, y (m*/m),

m - the variable slope-length exponent.

The assumption is that the slope length starts from
the ridges and peaks, Asx,y = 0 and then Equation (5)
can be transformed as follows:

As, Y A,
= - |, where: 4s, , =—> ,
22.13 > D

X,y
X,y

where: D, =R (|sin a, |+ |cos a,, ) (6)

where:

A, - the contributing area for the GC with the coordi-
nates x, y (m?),

D, - the effective contour length for the GC with the
coordinates x, y (m),

R - the raster resolution, the GC size respectively (m),
a - the aspect direction for the GC with coordinates
x, y (rad).

For these transformations, Desment and Govers
(1996) used the concept of the UCA (Figure 1) (Moore
& Burch 1986; Moore & Wilson 1992).

Table 1. The representative parameters of the model area compared with the watershed of level 111

Watershed HCU LPIS
Parameters
(%] SD min max (%) SD min max (%) SD min max
Elev. (m.a.s.l.) 276.3 85.9 161.5 836.5 275.5 85.9 161.5 565.5 273.9 40.9 201 416.5
Slope (°) 6.5 7.6 0 61.9 6.3 5.2 0 36.7 4.3 2.7 0 19.2
Curvature (-) 0.01 1.4 -11.2 9.8 0.01 1.2 -6.4 6.2 0 0.5 -2.2 3.3

HCU - parameters within the hydrologically closed unit; LPIS — land blocks; curvature — terrain surface curvature (Moore et

al. 1991); SD — standard deviation
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Figure 1. The principle of the UCA method (adapted from
Moore & Burch 1986)

A\ — the horizontal projection of the uninterrupted slope
length; A — the upslope contributing area; b — the effective

contour length

Moore and Wilson (1992) simplified the given
equation as:

L= _As 7)
22.13
and Mitasova et al. (1996) in accordance with Grif-

fin et al. (1988) simplified the given equation with
the assumption that D = R as:

L=(m+ 1)(%)” or L=(m+ 1){M) or (8)

22.13 R

L =(m+1)-(ﬂ°;v;%*) ©)

where:
L - the L factor,
flowacc — the flow accumulation raster,

A 4860
#40 250 500m -
-

D - the effective contour length,
R - the GC size,
m — the variable slope-length exponent.

We called this simplification the simplified unit
contributing area method (SUCA).

Hydrologically closed unit principle (HCU).
In addition to the terrain convergence and raster
resolution, the LS overestimation in the GIS is also
caused by disregarding the surface runoff barriers.
This leads to extreme slope-lengths up to a few kilo-
metres. This is a common mistake in GIS erosion
analyses. However, the original USLE methodol-
ogy considers the individual plots as hydrologically
closed units (HCU). This principle is integrated in
the created GIS tool LS-RUSLE. It is also integrated
in the USLE2D model and Atlas DMT module in a
similar way (Van Oost & Govers 2000; Atlas DMT
2019). See other details in the 2" paragraph of the
results and discussion sections. A common problem
in calculating the LS in the GIS is also setting too low
resolution, which, even in the case of HCU inclusion,
may result in the joining of two or more HCUs and,
thus, lengthening the slope. This problem is caused
by the conversion of the vector polygon layers into
raster layers and the joining of their pixels (Figure 2).
These problems are solved in the presented model
LS-RUSLE by generating a grid with NoData values
for the pixels at the intersections with surface runoff
barriers. Because raster arithmetic operations do not
allow the inclusion of NoData in the calculations
(NoData x 1 = NoData, NoData + 1 = NoData), it
was also necessary to develop a script for extract-
ing the slope values into categories < 9% and > 9%,
by replacing the NoData values with 0 and then
calculate the S factor values separately according
to Equations (2) and (3).

!
NoData

Figure 2. An example of generating an incorrect flow accumulation grid (left) and the correct way (right) using an algo-
rithm with the NoData values, the pixels at the intersections of the surface runoff interruptions (centre) integrated in

our LS-RUSLE model
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Figure 3. A demonstration of the CSA principle

P1-P3 - cutoft points; S — slope (%); ds — slope gradient change;
\,—\, — slope-length

Cutoff slope angle principle (CSA). Wischmeier
and Smith (1978) defined the slope-length as the dis-
tance from the point of the surface runoff origin to the
point where the slope gradient decreases enough that
the deposition begins, or the flow is concentrated in
a defined channel or where the surface runoff barri-
ers are located. Hickey (2000) include the deposition
areas in the slope-length calculation using the cutoff
slope angle (CSA) method. This method was modified
according to the RUSLE principles by Van Remortel
et al. (2001). The CSA method is based on the as-
sumptions: (1) for slopes > 5%: if the slope decreases
by more than 70% then the deposition begins, (2) for
slopes < 5%: if the slope decreases by more than 50%
then the deposition begins, the slope-length (\)) is
interrupted and the new slope-length (\,) begins
(3) when the runoff enters into a channel (A;). The
CSA principle is described in Figure 3.

Ephemeral gullies extraction principle (EG3,
EG5). According to the abovementioned definition
by Wischmeier and Smith (1978), we extended the
UCA method by another assumption of the exclu-
sion of larger ephemeral gullies (EGs) defined by
Dumbrovsky et al. (2020). This assumption is based
on the original principles of USLE/RUSLE which only
enable the calculation of sheet and rill erosion. The

https://doi.org/10.17221/128/2019-SWR

EGs represent a border when the rills transform into
gullies and, at least, the larger gullies, the valleys
and the channels should be excluded. According to
Dumbrovsky et al. (2020), the contribution area of the
EGis 3-5 ha, therefore, when the resolution is 10 m,
then the contributing area represents 300-500 grid
cells. Similar to Tarboton’s et al. (1991) methodol-
ogy for the channels are identified the gullies as the
grid cells exceeding the threshold values of the ac-
cumulated area array matrix. We tested the threshold
values of 300 and 500 grid cells contributing an area
of 3 ha (EG3) and 5 ha (EG5), respectively.

RESULTS AND DISCUSION

The results and connected discussion sections
are arranged according to the first paragraph of the
capture methodology. First of all, the influence of the
flow direction of D8 (Jenson & Dominique 1988) and
Do (Tarboton 1997), and the resolution of 1 and 10 m,
were tested within the LPIS land blocks and without
any surface runoff interruptions as opposite extremes:
D8 vs. Deo, 1 m vs. 10 m, HCU-LPIS vs. without the
HCU. The resulting LS values of this comparison are
summarised in Table 2. The LS values calculated with
the 10 m resolution and the HCU-LPIS principle ap-
plication ranged from 0 to 29.1 (Figure 4, left). If no
HCU principle was applied, the LS reached extreme
values in places of increased runoff accumulation
(Figure 4, right). According to the LPIS database
(Trojacek & Kadlubiec 2004), the average land block
area of the Czech Republic (CR) is 12.1 ha, but also
extreme sizes exceeding 30 ha occur. If we accept the
hypothesis that this size approximately corresponds
with the size of the HCU, we can set the limits — the
maximum and average values of the slope-length

Table 2. The results of comparing the approaches of the LS calculation

Resolution (m) Flowdir HCU (%) Max SD LS > 30 (%) LS <1 (%)
10 D8 no 4.07 1499 14.42 1.74 53.89
10 D8 no* 2.33 243.59 5.19 0.48 59.6

10 D8 yes 1.59 29.1 1.8 0 70.84
10 Deo yes 1.77 22.33 1.45 0 66.79

1 D8 no 2.2 4011 12.54 0.76 72.59

1 D8 no* 0.73 933.33 4.69 0.3 79.32

1 D8 yes 0.7 472.6 2.39 0.08 81.74

1 Deo yes 1.51 143.86 1.92 0.02 69.77

Flowdir — flow direction method; HCU — hydrologically closed unit; *comparison at same pixel location only within the HCU

(pixel by pixel); LS — topographic factor; SD — standard deviation
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Figure 4. The topographic factor (LS) values within the land blocks (LPIS) (left) and the comparison with the extreme
values without the hydrologically closed unit (HCU) application (right)

and the subsequent L factor for comparisons and
controlling the resulting values. Land blocks of 12 ha
approximately correspond toA = 850 m, L = 6.2 and
land blocks of 30 ha correspond to A = 1500 m and
L =8.3. According to the analyses of the DMR 4G of
the CR, the average slope of the agricultural land is
5.24%, which corresponds to S = 0.5. If we choose an
extreme combination of 25% slope and A = 1500 m,
we approximately get an LS = 30. For a combination
of the average A = 850 m and slope 5% then the av-
erage LS = 4.2. The extreme value LS = 30 was not
exceeded if the HCU-LPIS was applied and, in the
case of no HCU, the values were 0.3-0.48% higher
when compared at the same pixel locations within
the HCU and 0.76—-1.74% higher when compared to
the entire evaluated area. The testing was carried
out for a resolution of 1 and 10 m. The results in
Table 2 confirm the key role of the HCU applica-
tion — the extreme values are < 0.1% in comparison

22 000
20 000 \'
18 000 11
16 000
14000 4\
12000 4\
10 000
8000 Q
6000 \
4000 \

2000 \

Pixel count

0 5 10 15 20 25 30
LS values

with the non-HCU cases, where the extreme values
are 0.3—-1.74%. The LS calculated with the D8 (Jen-
son & Dominique 1988) and Deo (Tarboton 1997)
algorithms and with a resolution of 10 m and 1 m
show differences of 3.75-8.85% (Figure 5). The pie
charts (calculated for the tolerance limit of LS = 2)
show that red means D8 > Do, grey means D8 = D
and blue means D8 < Deo. Using the Do algorithm,
a smoother spatial distribution of the LS values was
achieved. The effect of these values on the result-
ing annual average soil loss values calculated by the
standard USLE-GIS procedure is shown in Figure 6.

These results confirmed the assumption of the cor-
rect use of the HCU principle and the De algorithm
(Tarboton 1997) and, therefore, were integrated to
the created script/model using the ArcGIS API and
Python programming language. In the first version
of the model, the SUCA method (Moore & Wilson
1992; Mitasova et al. 1996, 1998) with and without the

4000 000
3500 000
3000 000
2500 000 -\
2000 000
1500 000 ‘\‘\
1,000 000 \

500 000! \
\.
0 \\
T T T T Ll

T
0 5 10 15 20 25 30
LS values

N

Figure 5. The comparison of the topographic factor (LS) results calculated with the D8 (red curve) and Deo (blue curve)

algorithms for the 10 m (left) and 1 m (right) resolutions
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Figure 6. The long-term soil loss differences calculated using the D8 (bottom) and Deo (top) algorithms

HCU-LPIS principle was tested. The main advantage
of the SUCA method or the SUCA with HCU-LPIS
is its simplicity and computing speed. However, the
simplification led to the resulting values being 88.87%
over the average LS value (LS = 4). Application of
the LPIS land blocks (Trojac¢ek & Kadlubiec 2004) as
the HCU can lead to the underestimation in several
cases where the border of the land block does not
interrupt the surface runoff. We can see the reducing
values in Table 3 — only 55.67% > 4. We overcame
this problem by using the HCU principle in similar
way as Van Oost & Govers (2000). Van Oost and
Govers (2000) created the model USLE2D for the LS
factor calculation. USLE2D requires a quite time-
consuming creation of a parcel layer and converting it
to a raster to an ASCII format then to an RST format
and then the resulting values back in the same way
to ASCII and next to GRID. An alternative simpler

creation of a parcel layer provides the Atlas DMT
erosion module which requires the vector polygon
layer as input — by the manual polygon editing or by
importing the land block vector layer from the LPIS
database (Trojacek & Kadlubiec 2004). However, as
explained above, the border of the LPIS land block
does not represent the surface runoff barriers in all
the cases. The HCU is defined as the land parcel or
plot where no foreign water flows into it (Wishmeier
& Smith 1978). For the calculation of the LS fac-
tor using the GIS environment, the surface runoff
barriers should be determined and defined on the
basis of a detailed survey together with the use of
the geodetic survey of the actual state. Our created
and presented final version of the LS-RUSLE tool
provides another possibility of the overland flow
interruption and enables the vector polygon and/or
line layer as the input data as well, which represents

Table 3. The summary of the comparisons of the used principles

Method L LS LS<4 LS>25
gggj& HC]Z—[L?—LI;T{)IS CSA EG (%] SD max (0] SD max (%)

SUCA - - - 1.97 3.47 26.42 2.33 5.19 243.59 21.13 0.48
SUCA  HCU-LPIS - - 1.5 1 8.74 1.77 1.45 22.33 44.33 0
UCA HCU - - 1.84 1.56 13.4 2.3 3.04 28.93 75.8 0.25
UCA HCU CSA - 1.84 1.53 11.52 2.27 2.96 28.82 76.1 0.22
UCA HCU CSA EG5 1.36 1.28 10.04 2.21 2.77 22.12 76.8 0.18
UCA HCU CSA EG3 1.29 1.21 8.9 2.16 2.7 19.1 77.9 0.12

UCA - unit contributing area; SUCA - simplified unit contributing area; HCU-LPIS - boarders of LPIS land blocks usd for
delineation of HCU; HCU - hydrologically closed unit; CSA — cutoft slope angle; EG — ephemeral gullies; LS — topographic

factor; SD — standatd deviation
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the surface runoff barriers without any other settings.
It was solved with the emphasis of a user-friendly
approach when the user defines any features and
input as one or more layers without dealing with the
topological imperfections. This approach brought
a simplification and sped up the calculation of the
LS factor values. The usual used resolution in the
land use planning process is 5-10 m. So, in many
cases, the line features are sufficient for several
line erosion control measures. In comparison with
USLE2D (Van Oost & Govers 2000), the LS-RUSLE
has surface runoff barriers and interrupting features
automatically defined as the NoData values. In the
USLE2D model, the whole “parcel layer” has to be
created by the user and the user also has to manually
define the 0 values to each surface runoff barrier.
The zero value have different computational rights
in comparison to the NoData values. It can bring
discrepancies when zonal statistics algorithms are
used for averaging the soil loss values - respectively
the average of the 0 and 1 values = 0.5 and the aver-
age of the NoData and 1 = 1. If the HCU principle
was applied, it reduced the LS values to 24.2% > 4.

interrupting runoff
features

USLE2D has not integrated other principles such as
CSA and EG (see below).

We particularly integrated each principle accord-
ing to Table 3 for purposes of their comparison and
discussion. As confirmed above, the HCU principle
is an essential part of the calculation. When the CSA
principle was applied for the model area, it led to a
slight decreasing of the higher LS values (only 23.9%
> 4). The CSA principle was also adapted by Liu et
al. (2002) in the CSLE with turning point of 10%
due to the Chinese morphology with higher slopes.
Panagos et al. (2015) used the CSA for the European
LS factor map. The EG5 and EG3 principles tested
in these papers have a higher LS value impact. The
application of the EG5 and EG3 led to the decreas-
ing extreme slope-length values caused by the flow
concentration and the increasing of the LS values
lower than 4 (only 23.2 and 22.1% > 4). Defining the
threshold values for the EG identification can differ
according to the morphology conditions. We used
the upslope contributing area of 500 and 300 grid
cells according to the research by Dumbrovsky et al.
(2020). A similar approach was used by Zhang et al.

flow
accumulation

slope extraction
algorithm

Figure 7. The structure of the LS-RUSLE model (green — input data; orange — extended procedures: hydrologically closed
unit (HCU), utoff slope angle (CSA), ephemeral gullies (EG), unit contributing area (UCA) and its adaptation in the GIS
environment by the authors; blue — intermediate calculations and procedures; red — output)

Procedure explanation: input data — digital terrain model (DTM) and vector polygon and/or line data representing the surface
runoff barriers — processes A, B, C, D:

Process A: based on the HCU algorithm, the pixels intersected with the surface runoff barriers are extracted as NoData from the
DTM — CSA (inputs: result from procedure C) — flow direction algorithm Deo (from corrected DTM) — flow accumulation
algorithm — identification and extraction of the ephemeral gullies and valleys as NoData from the flow accumulation raster
based on the EG3 algorithm — UCA raster = the input for the L calculation according to Equation (6)

Process B: slope algorithm (from input DTM) — the exponent “m” calculation according to Equation (4) = input for the L cal-
culation according to Equation (6)

Process C: slope algorithm (from input DTM) — slope extraction algorithm for the extraction given the slope categories ac-
cording to Figure 3 (the result is the input for the CSA algorithm in process A and Equations (2)—(3) — the inputs for the
S calculation according to Equations (2) and (3)

Process D: calculation according to Equations (2), (3), (6) — the raster values with L, S and LS values
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Figure 8. The LS-RUSLE tool user interface

(2017) for excluding large valleys. If the principles
of the HCU, CSA and EG3 were applied, then only
0.12% of the LS values > 25. These extremes usually
occur in ephemeral gullies and valleys. The specific
question is setting the limits of the UCA when the
ephemeral gullies begin. Ephemeral gullies should
be excluded from the USLE calculation and solved
by the hydraulic methods or empirical methods
proposed by Dumbrovsky et al. (2020). As in the
case of the HCU algorithm, all the pixels identified
by the CSA and EG algorithms were automatically
changed to the NoData values and excluded from
the other calculations.

The final version of the LS-RUSLE tool was created us-
ing the ArcGIS APIand Python programming language,

which works on the same principle as the ArcGIS tool.
Its inputs are a DTM with an optional resolution and
any number of line or polygon features which represent
the surface runoft barriers. The user interface is shown
in Figure 7. The tool enables to generate the correct
LS values with respect to the original methodological
principles. The output is a raster layer with the LS (and
the L and S factor values separately) for each pixel of
a selected size or it is automatically set according to
the input DTM resolution. The structure of the model
is shown in Figure 8. The above described principles
of UCA, HCU, CSA and EG3 are integrated in the
tool. More detailed research is needed to compare the
resulting values in the different morphological condi-
tions and mainly by the terrain measurements and
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Figure 9. The resulting values of the S (A), L (B), and LS factors (C) generated by the created LS-RUSLE model
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the direct impact on the soil loss values. Hrabalikova
and Janecek (2017) performed these comparisons by
simulated rainfalls, but this method does not enable
the evaluation of the terrain convergences and slope
curvatures, but the way can be to use a specific sam-
pling method for the larger areas by Pathak (1991).
The resulting values of the S, L and LS factor gener-
ated by the LS-RUSLE model are shown in Figure 9.

CONCLUSION

This research was focused on the automatic cal-
culation of the topographic factor in the GIS. The
DTM resolution and flow direction algorithms were
analysed. For a local scale, the Deo algorithm (Tar-
boton 1997) shows a better spatial distribution of the
LS values. However, when comparing the results of
the average annual soil loss, the differences were not
significant. The LS-RUSLE tool was created based
on McCool’s et al. (1997) equation used in RUSLE
and the UCA method. In particular, consideration
of the elements of the overland flow interruption
according to the principle of the HCU in accord-
ance with the original methodology appears to be
key. This principle is integrated in the LS-RUSLE
model using a specific overland flow interruption
algorithm, based on pixels with NoData values at
the interruption points (pixels). With this procedure,
the occurrence of the results overestimation due to
the pixel joining when converting the land parcels
polygons vector data to raster values was reduced.
Additionally, reducing the extreme L and LS values
was reached by the application of the CSA and EG
principles. The results of the LS-RUSLE model show
the prospective use of this tool in practice.
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