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Abstract

Purpose The influence of slope gradient on interrill erosion processes is a key scientific problem in the decision-making
process regarding soil erosion control in Loess Plateau. The relationship of time to runoff (RT), flow velocity (V), runoff rate
(RR) and interrill erosion rate (IER) with slope gradient was investigated to derive accurate experimental model to evaluate
and quantify the influence of slopes on interrill erosion processes.

Materials and methods The experimental soil was collected from Ansai County of Shaanxi Province, China. The average
diameter of the test soil was 0.041 mm. The experiment was conducted at slopes of 8.74%, 17.62%, 26.78%, 36.38%, 46.6%,
57.70% and 69.97% under I of 90, 120 and 150 mm h~!, respectively, using indoor simulated rainfall. Time to runoff, flow
velocity, runoff rate and interrill erosion rate were measured for each combination.

Results and discussion Results showed that the time to runoff decreased as a linear function with increasing slope gradient.
Slope gradient was a good predictor of time to runoff for different rainfall intensities with NSE from 0.90 to 0.97 and MSE
from 0.1 to 0.25 and R? from 0.90 to 0.97. The flow velocity increased as a power function with increasing slope gradients.
Slope gradient was a good predictor of flow velocity for different rainfall intensities with NSE from 0.91 to 0.93 and MSE
from 0.01 to 0.015 and R? from 0.95 to 0.98. The runoff rate increased as a power function with increasing slope gradients.
Slope gradient was a good predictor of runoff rate for different rainfall intensities with NSE from 0.90 to 0.95 and MSE
from 0.000000024 to 0.000000044 and R? from 0.94 to 0.97. The interrill erosion rate increased as a power function with
increasing slope gradients. Slope gradient was a good predictor of interrill erosion rate for different rainfall intensities with
NSE from 0.98 to 0.99 and MSE from 0.00022 to 0.00055 and R? from 0.98 to 0.99.

Conclusions By performing the controlled simulated rainfall experiments, this study showed that slopes strongly influenced
interrill erosion processes for different rainfall intensities.

Keywords Slope gradient - Time to runoff - Flow velocity - Runoff rate - Interrill erosion rate

1 Introduction are one of the major erosion processes in the Loess Pla-
teau (Liu et al. 2012a), and the slope gradient was one of
The Loess Plateau in China is one of the serious soil erosion  the major factors that influence interrill erosion processes
regions in the world (Shi and Shao 2000; Zhang et al. 2009;  (Zhang et al. 2019; Zhang 2019). Interrill erosion processes
Liu et al. 2012b; Zhao et al. 2013). Interrill erosion processes  on loess hillslope, which are regarded as an important and
indispensable water erosion processes, are accompanied by
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a large amount of water resource loss of sheet flow and its
aggravation to rill erosion, ephemeral gully erosion and total
water erosion on steep slopes. Thus, how to evaluate and
quantify the influence of slope gradient on interrill erosion
processes is a key scientific problem in the decision-making
process regarding soil erosion control in this area.

Many researchers conducted different experiments to
study interrill erosion processes based on different experi-
ment conditions. Fox and Bryan (2000) found that the lin-
ear or less than linear relationship between interrill erosion
rate and slope gradient using sandy loam soil and the slope
gradients were from 2.5 to 40%; Ben-Hur and Wakindiki
(2004) found that slope gradients have a positive influence
on total soil loss using the kaolinitic, clayey smectitic and
sandy loam smectitic soils and the slope gradients were from
9 to 25%; Assouline and Ben-Hur (2006) found that cumu-
lative runoff at the end of the rainfall event was lower as
slopes were steeper, while an opposite trend was obtained
for soil loss using sandy soil and the slope gradients were
from 5 to 25%; and Armstrong et al. (2011) studied the inter-
rill erosion using silt loam soils under the slope gradients
from 3 to 9% and found that at slope angles representative
of agricultural land soil erosion does not increase with
slope as traditionally assumed and that the runoff and ero-
sion response is very variable. Shi et al. (2013) found that
the relation between interrill erosion rate and mulch rate
was best described by an exponential function using silty
clay loam; Zhao et al. (2014) evaluated the influence of soil
surface roughness on interrill erosion rate under the rain-
fall intensity of 60 mm/h and the slope gradient of 17.62%
and found that the interrill erosion rate decreased as the
soil surface roughness increased; Fu et al. (2011) studied
the influence of slopes on total splash loss, net downslope
splash loss and wash loss and found that the total splash
loss, net downslope splash loss and wash loss all increased
with slope, and then decreased after a maximum value was
reached. Cao et al. (2015) studied the interrill erosion on
unpaved roads under the slope gradients of 10.5-26.8% and
found that slope gradients are key factors to model surface
runoff and sediment yield. Wu et al. (2017a) studied the
influence of slope gradients on flow velocity and runoff rate
based on model calculations and found that flow velocity and
runoff rate increased with increasing slope gradient on mild
slopes, and decreased after a critical slope gradient. Zhang
and Wang (2017) studied the influence of slope length on
interrill erosion rate and found that slope length was neg-
atively related to interrill erosion rate. Wu et al. (2017b)
evaluated the relationships between sheet erosion rate and
hydrodynamic parameters and found that stream power was
the best predictor of sheet erosion. Li et al. (2018) found
that slope gradient had only a minor effect on overland flow
and sediment yield under the slope gradients of 4.3% and
13.1%. Wang et al. (2018) found that herbaceous vegetation

can reduce and control sheet erosion by reducing the effect
of rainfall intensity or slope, especially under sufficiently
high vegetation cover. Zhang et al. (2019) studied the effect
of tillage on sheet erosion and found that tillage patterns had
an obvious effect on sheet erosion.

Although the interrill erosion processes were studied
under different slope gradients, different rainfall intensities,
different slope lengths, different tillage patterns, different
surface roughness, and so on, almost all studies achieved
the gentle slope gradient and the studies on steep slope gra-
dients were mainly aimed at the evolution of interrill ero-
sion processes and the relationship between interrill erosion
rate and hydrodynamic parameters (i.e. shear stress, stream
power and unit stream power). The Loess Plateau in north-
west China is characterized by different slopes including
gentle slope gradients, steep slope gradients and very steep
slope gradients. Govers (1992) determined that no existing
formula could perform efficiently over the entire range of
available data. Hence, conducting experiments under this
condition is necessary to obtain an improved understanding
of the interrill erosion process in this region.

The objectives of this study are (1) to evaluate and quan-
tify the influence of slope gradient on interrill erosion pro-
cesses including time to runoff, flow velocity, runoff rate and
interrill erosion rate and (2) to establish new and reliable
experimental models between interrill erosion processes and
slope gradients. The results can deeply reveal interrill ero-
sion processes and provide a scientific basis for soil erosion
control in the area.

2 Methods and materials
2.1 Experiment equipment
2.1.1 Simulated rainfall device

The experiments were conducted in the Simulation Rainfall
Hall operated by the State Key Laboratory of Soil Erosion and
Dryland Farming on the Loess Plateau in Yangling, Shaanxi
Province, China. A rainfall simulator system with three nozzles
on two sides was used to produce simulated rainfall. The fall
height of raindrops sprayed from the nozzles was approximately
16 m above the soil surface in all the experiments. The raindrop
diameters of the simulated rainfall were from 0.125 to 6.0 mm;
moreover, the raindrop median volume diameters were from
1.52 to 2.7 mm. In addition, the raindrop kinetic energies of the
simulated rainfall were from 201.76 to 1059.95J m~2h~!, and
the raindrop terminal velocities were from 1.5 to 8.1 ms™'. The
simulated rainfall, with uniformity higher than 90%, exhibited
similar raindrop size and distribution to those of natural rainfall.
The rainfall simulator system used in the study was same as that
used in Shen et al. (2016) and Wu et al. (2017a, b, ¢, 2018).
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2.1.2 Soil pan

Each experiment soil pan with metal frames was 100 cm
long, 50 cm wide and 50 cm deep, and the size of the exper-
iment soil pan was similar to that utilized in Vaezi et al.
(2017) (140 cm long, 100 cm wide and 15 cm deep) and
Ding and Huang (2017) (100 cm long, 20 cm wide and
15 cm deep). The slope gradient for this soil pan could be
adjusted between 0 and 80%.

2.2 Experimental soil

The experimental soil was collected from Ansai County
(109°19" E, 36°51' N) of Shaanxi Province, China. It con-
sisted of 37.31% sand (diameter 0.05-2.0 mm), 51.30%
silt (diameter 0.002-0.05 mm) and 11.39% clay (diam-
eter < 0.002 mm). The average diameter of the test soil was
0.041 mm. The experimental soil, which was highly erod-
ible, was silty loam based on the soil texture classification
system of the US Department of Agriculture.

2.3 Experiment setup

The complete combinations of seven slope gradients (8.74%,
17.62%, 26.78%, 36.38%, 46.6%, 57.70% and 69.97%) and
three rainfall intensities (90, 120 and 150 mm h™!) were
included in the experiment with 2 replicates. Before packing
the soil to the experiment soil pan, its water content and the
bulk density were adjusted to 14% and 1.2 g cm™>, respec-
tively. When the soil was began to be packed, firstly, a 5-cm-
thick sand layer with the total porosity of 49% and saturated
hydraulic conductivity of 5.91 mm min~' was packed at the
bottom of the soil pan. Then, the test soil was packed in
the soil pan over the sand layer. The soil was packed to a
depth of 20 cm. In order to compact the test soil to the same
degree, the test soil was packed in four 5-cm layers. Firstly,
the soil amount of each layer was kept as constant as pos-
sible to maintain a similar bulk density and uniform spatial
distribution of soil particles. Secondly, the test soil of each
packed soil layer was compacted to the designed bulk den-
sity before the next layer was packed to ensure uniformity
in the soil structure.

2.4 Experiment procedures

After preparing the experiment soil pan, the rainfall inten-
sity of 25 mm h™! was confirmed to pre-wet the soil pan.
A nylon net cover was used to cover the soil pan in order to
create uniform soil surface moisture conditions and reduce
variability in soil surface micro-relief which developed
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during the packing process. This design was consist-
ent with that reported by An et al. (2012). Then, 1 day
(i.e. 24 h) after the pre-rain phase, the simulated rainfall
experiments were begun. In the process of the simulated
rainfall experiment for each combination of slope gradient
and rainfall intensity, rainfall lasted approximately 42 min
in the stimulated rainfall experiment with no rill erosion.
Samples of runoff produced by simulated rainfall were first
collected for 1 min and 2 min after the onset of the runoff,
and then for every 3 min until the end of the simulated
rainfall experiment. Fifteen runoff samples were collected.
In addition to sampling runoff, flow velocity was measured
using KMnO, as a tracer, which was easy to identify in
runoff. Surface flow velocity, which was measured from
the middle of the test area, was measured 15 times for each
treatment; then, a correction coefficient, which is 0.67 for
laminar flow, 0.7 for transitional flow, and 0.8 for turbu-
lent flow (Li and Abrahams 1999; An et al. 2012), was
used to determine the flow velocity of laminar flow in this
study. The interrill erosion samples (including runoff and
sediments) were weighed and left to sit to allow suspended
particles to settle. The clear supernatant was decanted, and
the sediments left were oven-dried at 105 °C for 24 h to
determine the sediment weight. The runoff weight was
determined based on the difference value between interrill
erosion samples weight and sediment weight. The runoff
rate was defined as the runoff volume per unit area per unit
time. The interrill erosion rate was defined as interrill ero-
sion weight per unit area per unit time.

2.5 Data analysis

The data set was used to derive new equations which could
describe the relationship of time to runoff, flow velocity, runoff
rate and interrill erosion rate with slope gradient via regres-
sion analysis under different rainfall intensities. The statistical
parameters R%, MSE and NSE were used to evaluate the per-
formance of new equations. The values of R?, MSE and NSE
were calculated as follows:

. Iza(e-0)e-)

R ; ey
Z?:] <0i _5>2Z?:1 (Pi _13)2
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where O, are the observed values; P; are the predicted val-
ues; O is the mean of the observed value; P is the mean
of the predicted value; R? is the coefficient of determi-
nation; MSE is the residual mean; and NSE (Nash and
Sutcliffe 1970) is a normalized statistic that reflects the rela-
tive magnitude of the residual variance compared with the
variance of the observed data [good (NSE > 0.7)] (Moriasi
et al. 2007; Ahmad et al. 2011).

3 Results
3.1 Theresponse of time to runoff to slope gradient

Figure 1 shows the response of time to runoff to slope
gradient under three rainfall intensities from 90 to
150 mm h~!. Evidently, the time to runoff was strongly
influenced by the slope gradient under different rainfall
intensities. The time to runoff decreased with increasing

slope gradients under different rainfall intensities. Fur-
thermore, for the same rainfall intensity level, the time
to runoff decreased with the slope gradient more rap-
idly when the rainfall intensity decreased from 150 to
90 mm h~!, and this result indicated that the influence
of slope gradient to time to runoff decreased gradu-
ally when the rainfall intensity increased from 90 to
150 mm h™".

In order to evaluate the relationship of time to runoff
with slope gradient and quantify the influence of slope gra-
dient to time to runoff, regression analyses were conducted
to get the relationships which are shown in Table 1. Appar-
ently, the time to runoff decreased as a linear function with
increasing slope gradient. In Egs. (4)—(6), the slope of the
equations derived to evaluate and quantify the relationship
between time to runoff and slope gradient under the rainfall
intensity of 90, 120 and 150 mm h~! were —0.075, —0.03
and —0.014, respectively. The critical slope gradient under
the rainfall intensity of 90,120 and 150 mm h~! were
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Fig. 1 The influence of slope gradient on time to runoff under three rainfall intensities
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Table 1 Statistical equations of time to runoff (RT) varying with slope gradient (S) under different rainfall intensities and statistical evaluation of

these new equations based on observed and predicted values

Rainfall intensity (mm Equations (4)—(6) MSE R? NSE P n
h7h

90 RT = -0.075(S—-82.8) (4) 0.25 0.97 0.97 0.01

120 RT = -0.03(5—-280.33) (5 0.15 0.94 0.94 0.01

150 RT = —0.014(S - 70) 6) 0.1 0.90 0.90 0.01 7

RT time to runoff (min), S slope gradient (%), MSE residual mean, R? coefficient of determination, NSE coefficient of Nash—Sutcliffe model effi-

ciency

82.8%, 80.33% and 70%, respectively. RT is high with R’
from 0.90 to 0.97 and significantly (P <0.01) correlated
with S under different rainfall intensities; S was a good
predictor of RT for different rainfall intensities with NSE
from 0.90 to 0.97. Figure 1 also presents the comparison
between the predicted values of RT derived with Egs.
(4)-(6) and the measured values of RT. The 1:1 line of
measured vs. predicted RT shows the high level of agree-
ment between the predicted and observed values of RT with

NSE from 0.90 to 0.97 and MSE from 0.1 to 0.25 and R?
from 0.90 to 0.97.

3.2 Theresponse of flow velocity to slope gradient
Figure 2 shows the response of flow velocity to slope gradi-
ent under three rainfall intensities from 90 to 150 mm h~".

Evidently, the flow velocity was strongly influenced by
slope gradient under different rainfall intensities. The flow
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Fig.2 The influence of slope gradient on flow velocity under three rainfall intensities
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velocity increased obviously with increasing slope gradients
under different rainfall intensities.

In order to evaluate the relationship of flow velocity
with slope gradient and quantify the influence of slope
gradient to flow velocity, regression analyses were con-
ducted to get the relationships which are shown in Table 2.
Apparently, the flow velocity increased as a power func-
tion with increasing slope gradients; the coefficients of the
equations under 90, 120 and 150 mm h~! rainfall inten-
sities were 0.02, 0.027 and 0.038, respectively; and the
exponents of slope gradient under 90, 120 and 150 mm h~!
rainfall intensities were 0.50, 0.48 and 0.43, respectively.
V is high with R? from 0.95 to 0.98 and significantly
(P <0.01) correlated with S under different rainfall inten-
sities; S was a good predictor of V for different rainfall
intensities with NSE from 0.91 to 0.93. Figure 2 also pre-
sents the comparison between the predicted values of V
derived with Egs. (7)—-(9) and the measured values of V.
The 1:1 line of measured vs. predicted V shows the high
level of agreement between the predicted and observed
values of V with NSE from 0.91 to 0.93 and MSE from
0.01 to 0.015 and R? from 0.95 to 0.98.

3.3 The response of runoff rate to slope gradient

Figure 3 shows the response of runoff rate to slope gradi-
ent under three rainfall intensities from 90 to 150 mm h~!.
Evidently, the runoff rate was influenced by slope gra-
dient under different rainfall intensities. The runoff rate
increased with increasing slope gradients under different
rainfall intensities.

In order to evaluate the relationship of the runoff rate
with slope gradient and quantify the influence of slope
gradient to runoff rate, regression analyses were conducted
to get the relationships which are shown in Table 3. Appar-
ently, the runoff rate increased as a power function with
increasing slope gradients; the coefficients of the equa-
tions under 90, 120 and 150 mm h~! rainfall intensities
were 0.00000013, 0.00000092 and 0.00000126, respec-
tively; and the exponents of slope gradient under 90, 120
and 150 mm h~' rainfall intensities were 0.47, 0.1 and
0.08, respectively. RR is high with R? from 0.94 to 0.97

and significantly (P <0.01) correlated with S under dif-
ferent rainfall intensities; S was a good predictor of RR
for different rainfall intensities with NSE from 0.90 to
0.95. Figure 2 also presents the comparison between the
predicted values of RR derived with Eqgs. (10)-(12) and
the measured values of RR. The 1:1 line of measured vs.
predicted RR shows the high level of agreement between
the predicted and observed values of RR with NSE from
0.90 to 0.95 and MSE from 0.000000024 to 0.000000044
and R’ from 0.94 t0 0.97.

3.4 Theresponse of interrill erosion rate to slope
gradient

Figure 4 shows the response of interrill erosion rate
to slope gradient under three rainfall intensities from 90
to 150 mm h~!. Evidently, the interrill erosion rate was
strongly influenced by slope gradient under different rain-
fall intensities. The interrill erosion rate increased obvi-
ously with increasing slope gradients under different rain-
fall intensities.

In order to evaluate the relationship of interrill erosion
rate with slope gradient and quantify the influence of
slope gradient to interrill erosion rate, regression anal-
yses were conducted to get the relationships which are
shown in Table 4. Apparently, the interrill erosion rate
increased as a power function with increasing slope gra-
dients; the coefficients of the equations under 90, 120 and
150 rainfall intensities were 0.0000000392, 0.000000721
and 0.00000352, respectively, and the exponents of slope
gradient under 90, 120 and 150 rainfall intensities were
2.9, 2.3 and 1.97, respectively. IER is high with R? from
0.98 to 0.99 and significantly (P <0.01) correlated with
S under different rainfall intensities; S was a good pre-
dictor of IER for different rainfall intensities with NSE
from 0.98 to 0.99. Figure 2 also presents the compari-
son between the predicted values of V derived with Eqgs.
(13)—(15) and the measured values of IER. The 1:1 line
of measured vs. predicted /ER shows the high level of
agreement between the predicted and observed values of
IER with NSE from 0.98 to 0.99 and MSE from 0.0002 to
0.00055 and R? from 0.98 to 0.99.

Table 2 Statistical equations Rainfall intensity  Equations (7)~(9) MSE R NSE P n
of flow velocity (V) varying (mm h~")

with slope gradient (S) under

different rainfall intensities 90 V = 0.025%3 ) 0.01 0.95 0.91 0.01 7
and statistical evaluation of

these new equations based on 120 V=00278"% (8 0.015 0.98 091 0.01 7
observed and predicted values 150 V =0.0385%  (9) 0.013 0.98 0.93 0.01 7

V flow velocity (m sh, S slope gradient (%), MSE residual mean, R? coefficient of determination, NSE
coefficient of Nash—Sutcliffe model efficiency
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Fig.3 The influence of slope gradient on runoff rate under three rainfall intensities

4 Discussion

In this study, the time to runoff decreased as a linear function
with increasing slope gradient. Many studies indicated that
vegetation cover and antecedent soil moisture are considered
as main factors that can affect time to runoff and the time
to runoff increased as vegetation cover increases (Guanghui
and Yimin 1995; Li et al. 2005; Yang et al. 2014), which
decreased as antecedent soil moisture increases (Lado et al.
2004; Liu et al. 2011); however, few studies have shown
the effect of slope on the time to runoff under the condition

of same antecedent soil moisture and no vegetation cover.
This result indicated that slope gradient have an important
effect on time to runoff when the slope gradients were from
8.74 10 69.97%. The flow velocity increased as slope gradi-
ents increase. This result was consistent with the finding of
Zhuang et al. (2018) and Wu et al. (2017b). The relationship
of slope gradient and flow velocity can be described by a
power function. This result was consistent with the finding
of Wu et al. (2017b). In fact, the relationship between runoff
velocity and slope gradient is probably due to gravitational
force (Zhuang et al. 2018), surface roughness (Govers 1992;

Table 3 Statistical equations

. Rainfall intensity Equations (10)—(12) MSE R? NSE P n
of runoff rate (RR) varying (mm h~")
with slope gradient (S) under
different rainfall intensities 90 RR = (0.13 x 1076847 (10) 4.4%1078 0.96 0.95 0.01 7
and statistical evaluation of om0l s
these new equations based on 120 RR =(0.92x 107)S™ 1D 3.22x10 0.97 0.90 0.01 7
observed and predicted values 150 RR = (1.26 x 107%)$008  (12) 2.39%x 1078 0.94 0.93 0.01 7

RR runoff rate (mm min~"), § slope gradient (%), MSE residual mean, R? coefficient of determination, NSE
coefficient of Nash—Sutcliffe model efficiency
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Fig.4 The influence of slope gradient on interrill erosion rate under three rainfall intensities

Nearing et al. 1997, 1999; Takken et al. 1998; Fox and
Bryan 2000; Giménez and Govers 2001; Ali et al. 2011),
sediment load (Zhang et al. 2010), and soil particles (Wu
et al. 2016) under the same rainfall intensity. In our study,
the runoff rate increased as a power function with increasing
slope gradients. Firstly, a major influence of slope gradient
on runoff rate appears to be exerted through its impact on
runoff velocity. Secondly, the explanation for this was that
the infiltration rate decreased with increasing slope gradient.
Most studies on runoff rate focused on the change of runoff
rate over time under different slope gradients, different rain-
fall intensities and different slope surface conditions, and the

effect of slope on runoff rate is neglected. The interrill ero-
sion rate also increased as a power function with increasing
slope gradients. This result was consistent with the finding
by Assouline and Ben-Hur (2006) and Wu et al. (2017a, b,
¢). By contrast, Huang and Bradford (1993) found that the
linear functions that existed between interrill erosion rate
and slope gradient for three rainfall intensities and slope
gradients were 5%, 9% and 20%. The variation in result was
likely attributed to slope gradient and soil surface condi-
tions. Firstly, seven slope gradients ranging from 8.74 to
69.97% were selected in our study, and thus, the result of the
regression analysis could be more accurate. It is important

Table 4 Statistical equations Rainfall intensity ~ Equations (13)—(15) MSE R? NSE P n
of interrill erosion rate (/ER) (mm h~")

varying with slope gradient

(S) under different rainfall 90 IER = (3.92 X 107582 (13) 0.0002 0.99 0.99 0.01 7
intensities and statistical 03

evaluation of these new 120 IER = (7121 x 107823 (14) 0.00055 0.98 0.98 0.01 7
equations based on observed 150 IER = 3.52 X 10—6)51.97 (15) 0.00048 0.99 0.99 0.01 7

and predicted values

IER interrill erosion rate (kg m2sh, s slope gradient (%), MSE residual mean, R? coefficient of determi-
nation, NSE coefficient of Nash—Sutcliffe model efficiency
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to show that the interrill erosion rate was very sensitive to
changes in slope gradient. Then, soil surface conditions such
as soil moisture, roughness and slope length significantly
affect interrill erosion.

5 Conclusion

In this study, the response of interrill erosion processes (i.e.
time to runoff, flow velocity, runoff rate, interrill erosion
rate) to slope gradient was investigated using simulated
rainfall. The results of this study demonstrated that slope
gradients have an important influence on interrill erosion
processes. The time to runoff decreased as a linear func-
tion with increasing slope gradients under different rainfall
intensities, but the flow velocity, runoff rate and interrill ero-
sion rate were increased obviously as a power function with
increasing slope gradients under different rainfall intensities.

Slope gradient was a good predictor of time to runoff
for different rainfall intensities with NSE from 0.90 to 0.97
and MSE from 0.1 to 0.25 and R? from 0.90 to 0.97. Slope
gradient could be used to predict flow velocity for different
rainfall intensities with NSE from 0.91 to 0.93 and MSE
from 0.01 to 0.015 and R? from 0.95 to 0.98. Slope gradient
was also a good predictor of runoff rate for different rain-
fall intensities with NSE from 0.90 to 0.95 and MSE from
2.4x1078to 4.4x 1078 and R? from 0.94 to 0.97. Slope gra-
dient could be used satisfactorily to predict interrill erosion
rate for different rainfall intensities with NSE from 0.98 to
0.99 and MSE from 0.00022 to 0.00055 and R? from 0.98
to 0.99. These findings can facilitate the evaluation of the
influence of slope gradient to interrill erosion processes
under our study conditions; additional research is needed to
develop equations/models that can be universally applied to
evaluate the influence of slope gradient to interrill erosion
processes.
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