
Point-by-point Responses for Reviewer 2 for hess-2024-19 
This paper investigates the factors influencing lateral soil water flow on hillslope by both experimental 
and simulation methods. It is an interesting topic and is widely concerned. However, there are several 
problems that needs to be revised. 
We appreciate your detailed comments and suggestions. All recommended corrections and 
modifications have been implemented. We followed the guidelines to craft this response and furnished 
a point-by-point reply to your comments. All specific modifications have been made in the revised 
manuscript. 
1. The main conclusion “The direction of lateral water flow is regulated by δψ/δx rather than the change 
in water content over time on hillslope” is easy to obtain according to basic soil physics and is not new 
to me. I suggest the authors to express this more explicit. 
Response: Thank you for your suggestion. In the revised manuscript, we will provide a more explicit 
explanation of the main conclusion regarding lateral water flow on homogeneous isotropic slope. 
Specifically, we will emphasize that the movement of soil moisture in slope is driven by both 
gravitational potential and matrix potential. The inconsistency in the directions of gravitational potential 
gradient and matrix potential gradient leads to lateral flow of soil moisture on the slope with the angle 
of deviation from the vertical direction determined by the competition between these gradients. 
Additionally, we will clarify that changes in boundary conditions and the transition between wetting, 
stable, and drying states are not synchronous drivers of changes in the direction of lateral soil moisture 
flow on the slope. At any point on the slope surface, the horizontal gradient of water potential determines 
the direction of lateral soil moisture flow. 
2. Lines 27-28. The factors influencing lateral flow could be more specific. 
Response: Thank you for your valuable comments. The infiltration of soil moisture on slope is a complex 
and dynamic process influenced by various factors, including soil properties (such as texture, bulk 
density, and hydraulic conductivity), rainfall characteristics (including intensity and duration), terrain 
features (such as slope angle, aspect, and surface roughness), initial soil moisture conditions, vegetation 
cover, land use, and more. Furthermore, most previous studies have predominantly concentrated on the 
vertical infiltration of soil moisture on slope surfaces, neglecting the lateral flow processes of soil 
moisture on the slope. This study primarily investigates the impacts of rainfall patterns, slope gradient, 
soil types, anisotropy ratio, and layered slope systems on the lateral movement of soil moisture on slope. 
We will provide more specific details on the factors influencing lateral flow in the revised manuscript. 
3. In the manuscript, both field experimental and numerical simulation are conducted to study the factors 
influencing lateral soil water flow patterns. What’s the relationship between the filed experimental and 
numerical simulation is not clear. The manuscript seems mainly focus on the numerical simulation. 
Response: Thank you for your valuable comments. Field experiments primarily serve for qualitative 
observations of slope soil moisture behavior. They reveal that during the early stages of rainfall, moisture 
moves upslope, gradually stabilizes, then transitions vertically downward. After rainfall ceases, it flows 
downslope. However, it's important to emphasize that these observations were made under specific 



conditions in the field experiments. 
In contrast, our two-dimensional numerical model offers a powerful tool for analyzing soil moisture 
movement under various conditions. To investigate whether similar soil moisture behavior occurs under 
different circumstances, we conducted scenario simulations. The results from our modeling work 
provided insights into the changes in the direction of lateral water flow during rainfall under varying 
conditions. 
This approach allowed us to combine qualitative field observations with quantitative modeling to gain 
a more comprehensive understanding of slope soil moisture dynamics during rainfall events. We believe 
this combination strengthens the robustness and reliability of our study findings. 
 
Additionally, we established an in-situ monitoring station at the Hongshixia Botanical Garden in in Mu 
Us Sandy Land, China. Soil moisture automatic monitoring probes were installed at six monitoring 
points on both the windward and leeward slopes of sand dunes, covering the top, middle, and down of 
the slope. At each location, six soil moisture probes were horizontally installed at depths of 10, 20, 50, 
80, 100, and 150 cm, as illustrated in Figure 1. 

 
Figure 1. Schematic of the in-situ monitoring station. WW-up, windward up-slope; WW-middle, windward 

middle-slope; WW-down, windward down-slope; LW-up, leeward up-slope; LW-middle, leeward middle-

slope; and LW-down, leeward down-slope. 

 

We employed Hydrus-2D to establish a hydraulic model for simulating soil moisture dynamics on sand 
dune slopes. The model was calibrated and validated using measured soil moisture data. We evaluated 
the fitting performance of the model using the root mean square error (RMSE) and the agreement of 
index (d), as shown in Figures 2 and 3, respectively. 



 
Figure 2. Simulated and measured soil moisture during the calibration period 

 
Figure 3. Simulated and measured soil moisture during the validation period 

We selected a typical rainfall event to analyze the variation of soil water potential on the slope over time 
during the rainfall process, aiming to determine changes in soil water flow direction. Additionally, we 
employed flow particles to visually observe the flow trajectory of soil moisture on the slope, as depicted 
in Figure 4. At t=0, 1 h before the onset of rainfall, and at t=2, 5, and 9h, during the rainfall process. 
Furthermore, at t=30, 54, 78, and 102h, representing moments after rainfall cessation. Through analysis 
of soil water potential changes and flow particle trajectories, we identified three patterns of soil water 
movement on the slope: lateral upslope and vertical flow during rainfall, followed by lateral downslope 
flow after rainfall. 
The detailed information of these research results will be provided in the next study. 



 
Figure 4. Soil water potential in the model domain during the rainfall event (vertical scaling factor 1.8). 
The blue arrows indicate the gradient direction of soil water potential, representing the direction of soil 
water flow. The red dots and red lines depict tracer particles and their trajectories, respectively. 
 
4. Lines 85-100. The rainfall dye tracer was conducted with much heavy rainfall with an average rate of 
0.3125 cm/min which is about 50 times the value for numerical simulation. The rainfall is too large to 
the real rainfall and may make saturated flow. Meanwhile, the soil water content is needed to show the 
unsaturated soil water condition during the experiment. 
Besides, the soil texture and hydraulic properties should also be presented. 
Response: Thank you for your valuable comments and suggestions. Yes, the rainfall intensity (0.3125 
cm/min) used in the rainfall dye tracer experiment is indeed much higher than what would typically 
occur in natural rainfall. In our scenario simulations, we considered two rainfall modes: constant rainfall 
intensity and variable rainfall intensity. Saturated hydraulic conductivities for the three soil types were 
as follows: 0.783 cm min-1 (equivalent to 459.8 mm h-1) for Sand, 0.155 cm min-1 (93 mm h-1) for Sandy 
loam, and 0.011 cm min-1 (6.6 mm h-1) for Silt loam. The maximum rainfall intensity was set at 6 mm 
h-1, which was below the saturated hydraulic conductivities of these three soil types, ensuring that the 
flow system remained consistently unsaturated. As written in the manuscript: "No runoff from the slope 
occurred during the rainfall process." 
In this study, we utilized sand (soil 1) with the same characteristics as the sand dunes where the dye 
tracer experiments were conducted. The rainfall intensity for the dye tracer experiment needed to be 



lower than the saturated hydraulic conductivity of the sand (soil 1), theoretically preventing saturated 
flow on the slope. Furthermore, we did not observe any occurrence of saturated flow during the dye 
tracer experiment. 
We used the characteristics of sand (soil 1) from the adjacent area study to represent the soil properties 
of the sand dune slope where the dye tracer experiments were conducted. In the revised manuscript, we 
will provide the soil water retention curve and hydraulic conductivity function for the three soil types. 
 
5. Fig 1. It’s better to mark the direction of slope foot in fig (a) and (b). 
Response: Thank you for the suggestion. We will mark the direction of the slope foot in Fig 1(a) and (b) 
in the revised manuscript. 
 
6. Fig 3 (a) is normal to surface, (b) is vertical? 
Response: We apologize for the oversight. Indeed, Fig 3 (a) is normal to surface, (b) is vertical. We will 
make the necessary corrections. 
 
7. In line 175 DWFFV=-arctan(qx/qz), when qz<0 and qx>0, DWFFV>0. The signs seem reversed in Fig 
5, where positive qx and negative qz corresponds to negative DWFFV. 
Response: Thank you for your feedback. Indeed, DWFFV is greater than 0 when qz < 0 and qx > 0. 
Initially, all models assume hydrostatic equilibrium from the lowest nodal point (bottom pressure head 
value of –100 cm), resulting in DWFFV being at –90°. It's noteworthy that the bottom boundary of the 

model domain features a free drainage condition (with matrix potential gradient of 0), which influences 
the DWFFV value at the bottom of the model. While DWFFV is approximately –90°, the values of qz 

and qx are very small, both being less than 0. As rainfall begins, water flow at the slope's top shifts 
laterally upslope, corresponding to positive qx and negative qz values. Meanwhile, in deeper layers 
unaffected by rainfall, DWFFV approximates –90°, corresponding to negative qx and qz values, albeit 

very small in magnitude. Over time, the lateral upslope flow region gradually extends deeper. 
 
8. Lines 200. What is duration of the rainfall, when rainfall ceases. 
Response: Thank you for pointing that out. The duration of the rainfall and the simulation period have 
been clarified in the revised manuscript. The two rainfall patterns investigated were as follows: 
(1) Rainfall intensity in the first 8 hours was equal to 0.5 cm h–1 (constant rainfall intensity). 
(2) Rainfall intensity varied between 0.4 cm h–1 and 0.6 cm h–1 over an 8-hour period, changing hourly 
while remaining constant within each hour (variable rainfall intensity). 
Both rainfall patterns had a total duration of 8 hours. The simulation extended from the start of rainfall 
to 4 hours after the rainfall ceased, resulting in a total simulation period of 12 hours. 
 
9. Fig 10. What does the blue color mean? The sub-figure number (d-e) should be consistent with (a-c). 
Response: Thank you for your question. Consider two adjacent points A and B in a homogeneous and 
isotropic hillslope with the same elevation near the surface of the hillslope. If the two points reach a 



steady state (i.e., the moisture content becomes invariant with time) and assuming the rainfall intensity 
is less than the saturated hydraulic conductivity of the slope materials, then the water flux at these two 
points should be equal to the constant vertical infiltration rate at the surface, leading to no gradient in 
matric potential or moisture content between the two points. Thus, the resulting unsaturated flow is 
predominantly vertical because of gravity, as shown in Figure 10a. If the rainfall intensity increases to 
another value (still less than the saturated hydraulic conductivity) at some time t0, soil at the surface 
becomes wetter leading to an additional gradient of moisture content in the direction normal to and 
inward from the slope surface. This will result immediately in upslope lateral flow in the soil adjacent 
to the surface but not in the region of points A and B. Flow at points A and B will remain vertical under 
gravity at time t0. In time, the region of upslope lateral flow will propagate into the slope directly normal 
and inward from the surface as shown in Figure 10b. The additional wetting front will arrive earlier at 
point A than at point B as the slope normal distance from the surface to point A is shorter than that to 
point B, yielding a gradient in matric potential between points A and B. When this happens, upslope 
lateral flow occurs. Using the same logic, if the rainfall intensity decreases or the rainfall ceases, the 
opposite will occur as point A will drain earlier than point B, leading to downslope lateral flow as shown 
in Figure 10c. At the same time, on the slope-parallel horizon between points C and D shown in Figure 
10c, the wetting front has just arrived, leading to lateral upslope flow by the same mechanism shown in 
Figure 10b under the wetting state. 
Additionally, we will ensure that the sub-figure numbering (d-e) is consistent with (a-c). Necessary 
adjustments will be made in the revised manuscript. 
 
10. Line 360. (b) “Conatant” should be “Constant”. 
Response: sorry, we will correct it. 
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