Dear Reviewer:

Thank you for taking the time to review our manuscript entitled “Rill Erosion on Slope
of Spoil tips: experimental study of runoff scouring erosion in multiple times” (ID:
hess-2021-399), and provide constructive comments. These comments are valuable and
very helpful for revising and improving our paper, as well as the important guiding
significance to our further researches. At the same time, we thank you for giving us the
opportunity to revise the manuscript. We have studied and analyzed comments carefully
and have made many changes which we hope adequatelly address the concerns of the
reviewer. To clearly respond to all comments, point by point, these comments from
reviewer were classified by authors based on the specific meanings and listed as
following (Q1, Q2, Q3...). The main revisions in the paper and the responds to the
reviewer’s and editor’s comments are as following.

Reviewer #RC3:

Hydrology and Earth System Sciences

Manuscript Number: hess-2021-399

Article Type: Research paper

Q1. A really very good piece of experimental work at a scale sufficiently large to
provide insights into field scale processes. Well done!

Response: We first thank you for your recognition of our study and your positive
decision. Also, the following comments are valuable for improving our paper. Thank
you again.

Q2. However, the paper is quite difficult to follow in many places and the English
needs a thorough rework, right from the title and onwards.

Response: We appreciate your suggestions very much. Based on the content of this
paper, we have revised the title and changed the original title to “A runoff scouring
experimental study of rill erosion of spoil tips”. In addition, we have also improved the
English.

Comments:

Q3. -The introduction sets the scene well. However, the paper neglects the fantastic

work done by RS Parker and the work of Schumm, Mosely and Weaver (Experimental



Fluvial Geomorphology). It is imperative that this work be examined and referenced in
this paper as there are many similarities.

Response: We are very grateful to RS Parker, Schumm, Mosely and Weaver the
excellent contribution to drainage basin evolution and fluvial geomorphology. We have
added references in this article.

Q4. - Also, there is I believe considerable debate regarding rill and rill measurement
and characteristics. Given that you used state of the art survey methods, why didn’t you
extract cross-sections and compare your data with field measured cross-section from
material in your local area or from other published data (i.e. from the references above
and other data)?

Response: We are very grateful for your suggestion. We have added the data about rill
cross-sections (Section 3.3.3) and a comparison with existing research data in the
discussion. Thank you again.

QS. -It was not clear about the rationale and timing of the 3 experiments for each
slope. How can you ensure that antecedent soil moisture is the same for all? This is not
a show-stopper in terms of experimental method but it really needs to be explained
better.

Response: First, under natural conditions, it has been observed that rills on the slope of
spoil tips may be formed by multiple rainfall events or runoff from upslope. Previous
works also showed that the rill network reached mature stage at the third rainfall event
(Shen et al. 2020). Therefore, for better development of rill networks, each inflow rate
experiment contained three successive scourings (i.e., Ist to 3rd scourings) with an
interval of 24 h, respectively. Second, the pre-examination results showed that covering
the slope with plastic film after each experiment could effectively prevent excessive
soil moisture evaporation of the slope, and the soil moisture of each slope was generally
the same after 24 h of resting. Therefore, the interval between each experiment was 24
h so as to ensure that the soil moisture of each experiment was basically consistent. We
have added additional information to the experimental design section of the revised
manuscript.

® Shen H O, Zheng F L, Zhang X C J, Qin, C (2020) Rill network development on



loessial hillslopes in China. Earth Surface Processes and Landforms, 45, 3178-
3184. https:// 10.1002/esp.4958.

Q6. -Line 106-108. What is the relevance of this soil? It seems like it was something

that was available, not something that was of interest to the regions? Is this an important

regional soil or just something available? Please explain.

Response: The experimental station is located in the Guanzhong Plain of the Loess

Plateau of China (Fig la), where clay loam is the dominant soil of the region (Ji et

al.2020, Wu et al. 2021). Therefore, clay loam was used to simulate soil erosion of the

spoil tips, and the research results are representative of the soil properties in the area.

® WulLlJ, Wang W L, Kang H L, Zhao M, Guo M M, Bai Y, Su H, Nie HY (2021)
Differences in hydraulic erosion processes of the earth and earth-rock Lou soil
engineering accumulation in the Loess Region. Chinese Journal of Applied
Ecology, 31 (5):1587-1598. https:// 10.13287/j.1001-9332.202005.013.

® Wul, Q1Y B, Chang Q R, Liu M Y, Bai L M (2021) Attribution of Lou Soil in
Chinese Soil Taxonomy and Establishment of Representative Soil Series in
Guanzhong Area. Acta Pedologica Sinica, 58 (2):357-371. https://
10.11766/trxb201906240325.

Q7. -Section 2. Great experimental setup! Its impressive! I really liked how you

compacted the soils. This is a world class setup.

Response: Thank you for your appreciation of our experimental study.

Q8. -Section 2.4.1. While I can understand why you are doing these calculations, they

are not really fully utilised or useful without seeing and understanding rill cross-

sections. This is needed to be included. Its seems that they are included without being

of great use.

Response: Yes, we agree with your suggestion and have added the section about rill

cross-sections (Section 3.3.3). Thank you again.

Q9. -Line 218. What’s the timing between runs? Was any new material added or dis

you just start from the previous surface? Was there a crust, armour?

Response: As described in question 5, the interval between each experiment was 24 h.

In order to simulate the rill development, the next experiment was conducted on the



basis of the previous one and no new material was added to the slope. After each
experiment, the slope was covered with plastic film and left for 24 h before the next
experiment. We found that the slope surface occasionally showed a slight crusting
phenomenon when the next experiment was conducted. The intensity of crust formation
was inversely related to the slope, and generally soil crusting was rarely produced on
steep slopes. This is because rill erosion often occurs on slope under steep slope
conditions, which causes continuous erosion of the soil surface. In addition, once the
flow path on the slope is formed under the conditions of scouring, the runoff will
basically erode the soil along the fixed flow path. Therefore, we think that the
occasional slight crusting phenomenon has minimal impact on the experiment.

Q10. - Section 3.1 is quite difficult to follow as the first paragraph discusses runoff
rates and their variability and then jumps to rill growth then jumps to equations of runoff
rate (RR). I don’t follow why you have fitted equations for RR as I struggle to see where
and how its used later? Also, I don’t understand what N (scouring time) is? Is this start
of the rill incision? Rill growth? Data on rate of rill growth would be interesting and
useful.

Response: Slope runoff is one of the driving forces for stripping soil and is also a carrier
of sediment transport. As the surface micro-topography causes the differential erosion
of the overland flow, the runoff can be further gathered into rill flow. The slope surface
begins to form step-down floor under the action of rill flow, which also marks the
beginning of rill erosion. In the process of rill formation and development, the slope
surface runoff and sediment production process also changed. On the one hand, the rill
formation provides a channel for runoff and erosion products, and the runoff changes
from surface runoff to rill runoff, which causes a sharp increase in erosion volume. On
the other hand, the evolution of rill morphology affects the structure of runoff within
the channel, thus affecting the runoff, infiltration, sediment transport and confluence in
the process of slope erosion. In addition, the development process of rill morphology is
finally presented by the change process of runoff rate and soil loss rate. In summary,
the first observation of the occurrence of slope erosion is runoff and sediment, and the

trace left on the slope after the flow eroded was the erosion rill. Therefore, we first show



the process of variation of runoff rate and soil loss rate. The final result of the slope soil
erosion is presented as rill network, so we next analyzed the rill network and
morphological characteristics changes and the relationship between rill morphological
characteristics (e.g., rill width, rill depth and rill width to depth ratio) and erosion based
on the analysis of runoff production and sediment production. Finally, we analyzed the
hydraulic characteristics of rill flow and the dynamic mechanisms of rill erosion.

N is scouring times (i.e., 1st to 3rd scourings). In addition, the data on the growth
of the rill we expressed mainly by the rill width, rill depth and rill width—depth ratio.
Q11. -Line 248. ‘number of scouring’?

Response: We are so sorry for our unclear expression. What we want to express is the
scouring times (i.e., 1st to 3rd scourings).

Q12. - Equation 9. Is this the best fit for all slopes? While interesting, this should be
scaled for area and compared with other studies.

Response: In any field experiments of this nature, one has to select some typical slopes
that best represent the real-world situation and in our case the choice of the three slopes
(28°, 32° and 36°) was made based on survey of real-world spoil tips. Therefore, we
believe that Equation 9 can be applied to such slope range. However, whether the
equation is applicable to other slope ranges needs to be further studied.

We are really sorry that we did not pay attention to scaling area, when established
the formula. Thank you for raising this problem. In this paper we focus on the effects
of inflow rate (1.6, 2 and 2.4 mm min™), slope (28°,32° and 36°), and scouring times
(1st to 3rd scourings) on rill erosion of the spoil tips. In addition, the soil loss rate is in
units of g m™? min’!, in the sense that we have included the area. Our future research
will definitely pay special attention to the scaling. In addition, we add comparison with
other studies in section 3.2.

Q13. -Figure 5. The 2mm runoff has quite a bit of scatter and in some cases more than
the 2.4mm. Can you suggest why?

Response: The variation of soil loss rate is related to the rill morphology development
(i.e., headward erosion, bank landslip erosion, and downcutting erosion). In the process

of erosion, the rill interconnection erosion intensified, and the side walls on both sides



of the rill began to collapse. With the blocking and scouring of the side walls, the
erosion and collapse occurred repeatedly, and erosion fluctuates, so that multiple peaks
and lows occur during the erosion process. Under the condition of maximum inflow
rate (2.4 mm min"), rill was basically developed after the first scouring experiment,
and the soil loss rate in general fluctuated the most. Therefore, the soil loss rate
fluctuation variation was smaller in the second and third experiments than in the first
one. However, the rill development was slower with 2 mm min™' than 2.4 mm min™.
With the increase of scouring times, rill bank landslip occurs, which leads to the soil
loss rate of 2 mm min’! has quite a bit of scatter and in some cases more than the 2.4
mm min™.

Q14. - Figure 14. Interesting that rills developed at the top of the slope for the 32degree
slope and not the others. Why? Would be very helpful to show some cross-sections.
Response: In the runoff scouring process, the flow and erosion forces are greatest when
the water enters the slope from the top of the slope, thus the rill head appears at the top
of the slope, and once the step-down floor can begin to appear and develop into a rill at
the top of the slope, rill erosion will rapidly undergo headwater erosion, undercutting
erosion and lateral erosion. As a result, the top of the slopes all show varying degrees
ofrill erosion (Fig.2). The rill cross-sections also indicate that rill erosion is more severe
at the top of the 32° slope than at 28° under maximum inflow rate conditions (2.4 mm
min). For the 36° slope, although the slope is greater than 32°, the runoff erosion force
is relatively weak due to the small inflow rate (2 mm min™'). As a result, rills developed

at the top of the slope for the 32°.
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Q15. -Figure 8 and accompanying text. I really struggled to see what this is

Rill width (m)

Figure 2. Rill cross-sections

demonstrating and ultimately where it is going.

Response: With figure 8 we mainly want to show the variation of rill characteristics
(i.e., average rill width, average rill depth and rill width-to-depth ratio) with slope (28°,
32°and 36°), inflow rate (1.6, 2and 2.4 mm min!) and scouring times (Ist to 3rd

scourings). Figure 8 and accompanying text have been modified to better show the

variation of the rill characteristics.
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Figure 8. Variations in the mean rill width, mean rill depth and rill width-depth ratio
with inflow rate (1.6, 2 and 2.4 mm min™'), scouring times (1st to 3rd scourings) and
slope (28°,32° and 36°).

Q16. -Equations 10,11 and 12. Some great work here but how does this compare to
what other have found and for other soils?

Response: We thank you for your recognition of our study. We add to the discussion
section in 4.2 a comparison with others' studies.

Q17. -1 struggled to put Sections 3.4.1 onwards into context.

Response: Rill erosion is a non-linear dynamic process which is stochastic and
complex. The rill erosion process consists of multiple sub-processes, with the rill

morphology and sediment transport capacity of each process are largely influenced by



the hydrodynamic characteristics of the rill flow (An et al., 2012; Reichert and Norton,
2013). The runoff hydrodynamic characteristics represent the change in runoff erosion
energy during rill erosion and reflect the ability of runoff to strip and transport soil
particles on the slope (Mirzaee and Ghorbani-Dashtaki, 2018). Therefore, the rill flow
hydrodynamic characteristics during rill erosion need to be studied. By analyzing the
rill flow dynamic characteristics and erosion dynamics mechanism under different
experiments conditions and identifying the best hydrodynamic parameters, it helps to
fully understand the action mechanism of rill development on slope and provides a
theoretical basis for the establishment of slope erosion prediction models. In addition,
Figures 10 and 12 have been modified to better show the variation of the rill

hydrodynamic parameters.
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Figure 10. Variations in the mean flow velocity, Reynolds number, Froude number and

Darcy-Weisbach coefficient with inflow rate (1.6, 2 and 2.4 mm min™'), scouring times
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Figure 12. Variations in the runoff shear stress, stream power and unit stream power

with inflow rate (1.6, 2 and 2.4 mm min™"), scouring times (1st to 3rd scourings) and

slope (28°,32° and 36°).
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