
Reviewer 1

General comment

I am not convinced by the answers brought to my points. To summarize, I had and

still have three main complaints (that I also detail below the general comment).

First, the revised abstract still says : “The Qinghai-Tibet Plateau (QTP) has a thin

soil layer on top of a thick soil-gravel mixture (SGM) layer.” And this still makes no

sense to me and I am still waiting for references which prove that I am wrong and

that a significant portion of the QTP has indeed this stratigraphy. As developed

below, it seems more reasonable to me to say that it is a relevant simplification for

the present watershed based on the field observations of the authors. The

conclusion of the manuscript is more cautious in this regard and I like better how it

presents the study content than the abstract.

Dear Reviewer:

Firstly, thank you very much for your detailed and professional comments during

the two reviews. In the abstract, we have made the following change to make our

description more precise:

“The Qinghai-Tibet Plateau (QTP) has a thin soil layer on top of a thick soil-gravel

mixture (SGM) layer.”

To:

“Owing to plate movements and climatic effects, the surface soils of bare lands and

grasslands on the Qinghai‒Tibet Plateau (QTP) are thin, and the soil below the

surface contains abundant gravel.”

Secondly, we have also provided additional information about the distribution of

this geological structure on the Tibet Plateau based on relevant literature, as detailed

in the answers to Comments 1 and 2 below. I hope this will help you better understand

the distribution of this structure on the QTP.

Second, the model description is still very puzzling. The authors confused

avalanches and snow melt but most importantly, the surface energy balance



description disappeared to the benefit of a peculiar new equation 7 that only

considers sensible heat fluxes and in a very strange way that is not supported by the

provided references. How come the first version was so wrong about the

atmosphere-surface energy fluxes ? As I said before, I suspect the model is fine and

only the description has problems but the whole process of deleting the surface

energy balance part to replace it by this odd equation leaves me with a weird feeling.

Clarifications are needed.

Reply: We apologize for the confusion. The initial manuscript originally intended to

present the specific calculation of each energy flux in the energy balance equation of

the model, but it did not introduce the calculation method of G clearly. In this study,

the upper boundary of the object of study is the atmosphere, and the temperature

difference between the atmosphere and the surface is the source of heat transfer.

Therefore, the added equation 7 is used to calculate G. In the revised manuscript, we

have supplemented the derivation procedure of the equation used to solve G and the

corresponding references. This is clarified in detail in the responses to Comment 5

below.

Finally, when answering to me, the authors did not really address my concern about

the fact that the demonstration of the improvements brought by the new model

needs to be improved (because I did not develop it enough in my detailed comments

I guess). But I saw that other reviewers were more thorough on this point. So I’ll

leave it to be fixed based on their input.

So in the end, I still think the study is interesting but the problems that bother me

still need to be addressed. Also I realize now that the title of the study mentions a

new model whereas it would be more accurate to mention new improvements

brought to an existing model (which is different from creating a new model from

scratch). Below are my comments to specific answers from the authors.

Reply: Thanks to your suggestion, we have changed the title accordingly, as follows:



“Application of an improved distributed hydrological model based on soil–gravel

structure in the Niyang River Basin, Qinghai–Tibet Plateau”

Thank you very much for your careful review of our manuscript. Your comments have

helped us to greatly improve the quality of the manuscript. For the comments that

were not clearly explained in the previous reply, we will provide additional detailed

responses below.

1. Comment 1.

I think that the answer to comment 1 is off. My point was to say that there is no

reason such a variety of landscapes and surface processes leads to a uniform

stratigraphy at the scale of a catchment and even less at the scale of the QTP. It is

no problem to simplify reality if it is acknowledged and framed. Explaining the

model class does not address this point.

Reply: The QTP has a variety of landscapes and surface processes, but grassland

occupies the largest proportion of land use, followed by bare land, and the sum of the

two accounts for up to 81.64% (Table 1).

Table 1. Proportion of land use in Qinghai-Tibet Plateau

Land use grassland bare land forest
water

body

cultivate

d land

built-up

land

Proportion (%) 48.60 33.04 12.05 5.18 1.02 0.11

In these areas, physical weathering is dominant due to long-term low temperatures,

mineral decomposition is low, and clay content gradually decreases from top to

bottom. In the central and eastern plateau meadow areas of the QTP, due to the slow

decomposition of biomass in the soil, the topsoil (typically 0–20 cm) in this region

accumulates much denser grassroots and more soil organic matter than does the deep

soil. The soil stratification in these areas is very significant compared to that observed

in other regions (Yang et al., 2009). In the reply to Comment 2, we provide specific

literature evidence and a detailed reply. Accordingly, we have revised the abstract and



the introduction regarding the distribution of this soil stratification structure to make

our discussion more rigorous.

In the abstract, change from

“The Qinghai-Tibet Plateau (QTP) has a thin soil layer on top of a thick soil-gravel

mixture (SGM) layer.”

To:

“Owing to plate movements and climatic effects, the surface soils of bare lands and

grasslands on the Qinghai ‒ Tibet Plateau (QTP) are thin, and the soil below the

surface contains abundant gravel.”

In the introduction, change from

“In addition, under strong freeze-thaw conditions in the cold plateau region, the

humus accumulation of herbaceous plants is slow, while the decomposition of

minerals is weak, resulting in slow soil development on the surface of Quaternary

deposits and a thin soil layer above the SGM (Deng et al., 2019; Yang et al., 2009;

Chen et al., 2015; Sun, 1996).”

To:

“In addition, in the cold alpine regions of the QTP, the decomposition of biomass

occurs mostly in the surface layers of Quaternary sediments owing to the low

temperatures, resulting in the formation of a thin soil layer that is more highly

developed and accumulates more organic matter than deeper layers (Sun, 1996). This

soil stratification is particularly evident in alpine meadows (Yang et al., 2009; Pan et

al., 2017).”

2. Comment 2.

If so, can the author provide a proportion of the QTP area for which this

stratigraphy applies ? I am not convinced by the references provided. We are

discussing real world observations that can assess the validity of the proposed

stratigraphy and the authors suggest two papers describing modelling works (Chen

et al. 2015 and Yang et al. 2009). Among the 2 others, one I did not find (Sun et al.

1996), so I checked the other one (Deng et al. 2019). Maybe I missed it but I did not



find anything about the ubiquity or widespread occurrence of a gravel layer below a

thin soil layer over the whole QTP. The paper discusses Pliocene and Pleistocene

deposits in the eastern QTP and their connection with tectonics. Figures 6 to 8 of

this paper summarize the stratigraphy in different areas, figure 6 shows a lot of

lateral variability as a consequence of the activity of a fault, figure 7 shows gravel

on top of sand (for the upper part of the stratigraphy), and figure 8 shows humus

on top of clay with limestone fragment. This last one could fit the theory of the

authors but nowhere Deng et al. claim that this is ubiquitous. The word fragments

do not appear anywhere else in the article. And Deng et al. use the word gravel in

its common meaning and not as a rock fragment. So to say, I am still waiting for the

proof that this stratigraphy is widespread across the QTP. Again I have no problem

with simplifications but then it needs to be presented as such. I would largely prefer

to read that it is a relevant simplification for the present watershed based on the

field observations of the author. Either this or, as I was saying earlier, then the

author should provide the order of magnitude of the coverage of this stratigraphy, a

reference that says if it is e.g. 0.8%, 8% or 80% of the plateau that correspond to

this stratigraphy, based on relevant references so that we know what we are

discussing.

Reply: In the manuscript, we provide four references (Deng et al., 2019; Yang et al.,

2009; Chen et al., 2015; Sun, 1996), two of which you may have missed (Yang et al.,

2009; Chen et al., 2015).

Reference 1: Yang K, Chen Y Y, Qin J. Some practical notes on the land surface

modeling in the Tibetan Plateau[J]. Hydrology and Earth System Sciences, 2009,

13(5): 687-701.

In section 4.1 of this paper the authors write: “The decomposition of the biomass in

the soil is slow due to low temperature over the Plateau, and therefore, the topsoil

(~typically 0–20 cm) in the CE-TP region accumulates much denser grassroots and

more soil organic matters (SOM) (not shown) than the deep soil does. This soil

stratification in the CE-TP should be addressed for the following reasons. First, the

soil stratification in the CE-TP is very significant compared to that observed in other



regions.”

This paper also provides the soil texture and parameters obtained from laboratory

experiments of soil samples taken at Anduo sites (Table 3).

From Table 3, it can be find that the proportion of gravel is 0% and the proportion of

sand is 30.64% when the depth < 20 cm. When the depth ≥ 20 cm, gravel appears,

and the proportion of sand increases to more than twice that of the surface soil. A

clear soil stratification can be observed.

Reference 2: Chen H, Nan Z, Zhao L, et al. Noah modelling of the permafrost

distribution and characteristics in the West Kunlun area, Qinghai‐ Tibet Plateau,

China[J]. Permafrost and Periglacial Processes, 2015, 26(2): 160-174.

This paper notes the influence of soil characteristics of the West Kunlun region,

located on the QTP, on the simulation of permafrost distribution. Sensitive soil

parameters of 0~1 m soil layers were provided by the laboratory soil particle size

distribution analysis and the empirical model of soil parameters based on soil texture

(Table 1).

As can be seen from this table, the soil is sandy loam at 0–0.12 m, but below 0.12 m,

the soil becomes a mixed layer with sand and gravel.



Also in another paper:

Reference 3: Pan Y, Lyu S, Li S, Gao Y, Meng X, Ao Y, and Wang S: Simulating the

role of gravel in freeze–thaw process on the Qinghai–Tibet Plateau, Theoretical and

applied climatology, 127, 1011-1022, 2017.

This paper pays attention to the gravel in the soil of the QTP. Through the sampling

results in Madoi (Table 1) and Nagqu (Table 2), it can be find that the content of

gravel in the surface soil is relatively low (≤ 10%), and the content of gravel under the

surface soil is higher (around 30%). The soil also has an obvious stratified structure.

We plotted the sampling sites of these studies and our study areas in the figure below

so that you can better understand the distribution of the current stratified research on

the QTP.



Reference 4: Sun, H., The formation and evolution of the Qinghai-Tibet Plateau.

Shanghai Science and Technology Press, 1996, ISBN:9787532340231.

The reference you didn't find (Sun et al. 1996) is a book written by Sun Honglie, an

academician of the Chinese Academy of Engineering, who was the leader of the first

Qinghai–Tibet scientific expedition. This book introduced the formation mechanism

of the QTP, the uplift process, and its impact on the natural environment and human

activities.

On page 263, when introducing the basic natural features of the QTP, it states that, "In

the unique soil-forming environment of the QTP, most soils are characterized by thin

soil layer...":



On page 303, when describing the soil characteristics of the alpine meadow with the

largest proportion of the QTP, it also states that, "The long-term low temperature

makes the physical weathering dominant, the degree of mineral decomposition is not



high. The content of clay is very low, and gradually decreases from top to bottom. In

line with this, the soil layer of meadow is shallow, and coarse in texture.....":

In addition, during our review we also found, in another book, a statement consistent



with the findings of our study.

Reference 5: Sun Z Y, Zhou A G, Bu J W, et al., Research on geological

environmental carrying capacity evaluation method for mineral resources

development in Qinghai-Tibet Plateau, China University of Geosciences Press, 2016,

ISBN：9787562539940

On page 27, when introducing the soil of the QTP, the authors state that, "The soil of

the Qinghai-Tibet Plateau, especially the alpine soil, mostly shows the characteristics

of small thickness and simple layers. The forest soil at the edge of the plateau is

relatively well developed, but its thickness is generally only 50 to 90cm, and it is

relatively rare to see more than 100cm. As for alpine soils, the thickness is even only

about 30cm."



The limited experiments we have conducted on the QTP do not yet allow us to give a

definite percentage. However, from the above literature, we conclude that this soil

stratification structure is not unique to the Niyang River basin and, at least in the

meadow area accounting for 48.60% of the QTP, this kind of soil stratification

structure is very significant. In the bare land, which accounts for 33.04% of the QTP,

the stratification of the soil was not as significant as that in the meadows due to the

thinner surface soil, but there is also abundant gravel beneath the surface soil.



3. Comment 8.

“In a saturated state, the macropores form a fast channel for transporting water.

However, when the SGM layer is in an unsaturated state, the water mainly moves

under the actions of the matrix potential and gravitational potential. Thus, in an

unsaturated state, the macropores do not work, and the gravel will hinder the

movement of water.”

Conductivity is known to evolve with saturation but this explanation is a bit

puzzling to me. How strong is the matrix potential in a soil with high gravel content ?

And how come this matrix potential does not also ampere gravitational drainage ?

Reply: According to Darcy's law, the amount of water transported in the soil is:

� = �(��)��

where K(θl) is the hydraulic conductivity (cm/s) of the soil when the liquid water

content is θl; ∇� is the gradient of water potential (containing gravitational potential

and matrix potential); and q is the amount of water transported in the soil (cm/s).

Hydraulic conductivity and water potential gradients together affect the amount of

water transported in the soil.

In the unsaturated state, the matrix potential and gravity potential work together to

drive water transport. The effect of gravel content on the soil matrix potential can be

specified in Equation 1:
�� − ��
�� − ��

= ��ℎ−� 1 − ���������

In our study, for every 10% increase in gravel percentage with constant value of ��−��
��−��

,

the matric suction decreases by approximately 10%.

In the saturated state, the matrix potential is 0, and water movement is driven only by

the gravitational potential.

4. Comment 10.

Confusion between snow melt and avalanche is very surprising to me, but now I

understand the corrected sentence. Can the author elaborate on the importance of



accounting for avalanches for ground thermo-hydrological regime ? It is surprising

to me that avalanches play a big role in this regard but I might be wrong.

By the way L258-259 of the revised manuscript still say: “When the snow thickness

difference between two calculation units exceeded this threshold, snow meltdown

occurred. The snow in the higher-altitude calculation unit slides into the next unit

until the two units have the same snow thickness.”

And line L264-265 say:

“when the difference in snow thickness between two adjacent contour bands

exceeds this threshold, an avalanche occurs between those contour bands. The

snow in the higher-altitude contour band slides into the lower band until the two

bands equalize in snow thickness.”

This model description is still confusing and it should not be the case at this stage.

Reply: As can be seen from figures A1 and A2 in Appendix A, in the study area,

precipitation is greater and temperature is lower at higher elevations, where the snow

accumulation rate far exceeds its melting rate. If there were no avalanches,

precipitation would be stored more and more as snow or ice at the top of the mountain,

which does not correspond to the actual situation. In the real world, avalanches allow

a portion of the snow to first collapse to a lower, warmer elevation and then gradually

melt.

Specifically, if avalanches are not taken into account, the effects are as follows: 1)

simulated runoff will be reduced (snowmelt runoff is an important source of runoff in

this region); 2) the insulation effect of snow on permafrost at lower elevations will be

reduced and the area of seasonally frozen soil will increase; and 3) soil moisture and

temperature at lower elevations will also be affected by reduced snow cover during

freezing-thawing periods.

We rewrote the description of the avalanche and retained the following corrected

sentence:

“On the QTP, variations in temperature and precipitation caused by altitude

differences result in more snow accumulation and less melting at higher altitudes.

Therefore, avalanches are common in this region. In this model, we established a



snow thickness threshold. When the difference in snow thickness between two

adjacent calculation units (the contour bands) exceeds this threshold, an avalanche

will occur. The snow in the higher-altitude calculation unit slides into the next unit

until the two units have the same snow thickness.”

5. Comment 13.

This is extremely weird. In the initial version of the manuscript, the energy fluxes

between the atmosphere and the surface was based on surface energy balance

calculation with incoming and outgoing radiations, latent and sensible heat

fluxes… And now all of this is replaced by this new equation 7 ! What happened to

initial equations 7, 8 and 9 ? And how could the first model description be so

wrong ? Such a difference implies a massive difference regarding the forcing data

that are used. This now comes after the confusion between snow melt and

avalanches and gives the impression that all these parts were written with very little

knowledge of the model. It is the first time I see something like this and I do not

know what to think of that. I still want to believe that only the model description is

off.

Finally, the physics of the new equations look questionable to me. First, now it

seems that the only energy exchange between the atmosphere and the surface

corresponds to sensible heat fluxes so what about radiations ? What about

evaporation ? Neither radiations nor evaporation are going to

impact the soil thermal regime ? What about the claimed water-heat coupling if

evaporation does not impact the energy fluxes between the surface and the

atmosphere ? The consequences of such a choice need to be developed and

discussed. Also the initial version of WEB COR included a surface energy balance

calculation so if this is the new calculation is it a downgrade of WEB COR

regarding physical processes and it should be mentioned.

Second, this flux does not depend on wind speed or not even on a bulk parameter

such as a convection coefficient or the aerodynamic impedance that was present in

the initial draft. This equation should describe a process happening at an interface



and looks like something based on the

energy variations of a volume of ground (C x V x dT, but in this case, dT would

have a sense if it was a transient variation not an instantaneous potential). I am

confused and considering what is happening here, I have a hard time believing this

equation was used. Third, what value does the “du” parameter take ? Are we

talking about several centimeters ? meters ? How is it established ? Because the

energy change will vary linearly with this value.

Finally, I checked Jia et al. (2001) and the new equation 7 has nothing to do with

Jia et al. (2001), even equation 61 from Jia et al. (2001) is very different. Jia et al.

(2001) actually includes surface energy balance, as initially submitted here. I

checked Hu and Islam (1995) (the new draft says Hu et al., 2001, I assume it is a

typo) but new equation 7 is nowhere to be found either. I have the feeling new

equation 7 is not physically valid regarding sensible fluxes for the aforementioned

reasons (not counting that radiations and latent fluxes are for now on ignored) so I

would need proof that I am wrong (i.e. a reference that established its validity).

Reply: In the original manuscript, we simply wanted to show that the heat conduction

into soil (G) and the sensible heat flux (H) can be solved using the joint solution of

equations. However, H is much larger than G and the calculation method of H is

relatively crude, which makes this solution method unstable. Therefore, a simplified

method was used in this model to obtain G by climate forcing first. In the revised

manuscript, we found that this statement was easily misunderstood by the reader, so

we deleted this part and reintroduced the method of calculating G.

In this study, the upper boundary of our study object is the atmosphere, which controls

the input and output of energy in the system. The temperature difference between the

atmosphere and the surface is the source of heat conduction. For periodic forcing, the

heat flux into the soil could be parameterized by the sum of a temperature-derivative

term and the difference between ground surface and deep soil temperature (Hu and

Islam, 1995). By integrating the thermal diffusion equation, equation 11 from Hu and

Islam (1995) can be obtained:



����
���
��

= �(0, �) − �(�, �)

where CVu is the volumetric heat capacity of the underlying surface (MJ/m3/°C); Tu is

the temperature of the underlying surface; � is the thickness of the underlying

surface; and �(�, �) is the heat flux at the depth � at the moment t.

When � is equal to the damping depth of the diurnal temperature wave (du) (�� =

(2�/�)1/2 (Hu and Islam, 1995), where k is the thermal diffusivity of the underlying

surface (m2/s), � is the fundamental frequency), �(��, �) can be neglected, and the

daily average heat flux conduction into the underlying surface (G) can be obtained by

discretizing equation 11 from Hu and Islam (1995) as follows:

� = �����∆��

where ∆�� is the daily temperature variation of the underlying surface (°C), which is

approximated by the difference in temperature between the atmosphere and the

underlying surface.

This is not a downgrade of the original model. The same approach was used in the

WEP-COR model. It can be found in Li et al. (2019):

“The force-restore method (FRD) (Hu & Islam 1995) is used to solve G and the

surface temperature of different land covers.”

In the new revised manuscript, we have rewritten this section by adding the derivation

procedure for the equations used to solve G and the corresponding references (Lines

278-293).

6. Comment 34.

The answer is very nebulous and imprecise and following the answer on Comment

13, it shows a limited knowledge of the model. I am surprised that in a study aiming

at bringing model developments, knowledge about the relationship between

negative temperature (or energy) and liquid water content is so hard to find.

Basically the appendix B14 told me to check Li et al. 2019, which I did. And Li et al.

2019 says “The water–heat continuous equation of frozen soil is solved numerically

based on the soil freezing status and empirical formulas.” I tried to dig and went



from Li et al. 2019 to Wang et al. 2014 and then to Niu et al. 2006, and there I

actually found relationships between liquid water content and negative

temperatures that are in WEB COR if understood correctly.

Reply: We apologize for the lack of clarity. We have added the exact reference in the

Appendix B, Equation B14.

7. Comment 35.

If so please explain where and how you use the riverbed conductivity. And please do

so when the model setup is described.

Reply: This parameter was used in the calculation of groundwater outflow.

Groundwater outflow is calculated according to the hydraulic conductivity kb of

riverbed material and the difference between river water stage Hr and groundwater

level hu (Jia et al., 2001):

�� = ���� ℎ� − �� /��
−���� 1 + �� − �� /��

ℎ� ≥ ��
ℎ� < ��

where Ab is the seepage area of the riverbed, Zb the elevation of the riverbed, and db is

the thickness of the riverbed material.

We have made the following supplements in the model structure section of Appendix

B:

“The groundwater outflow was calculated according to the hydraulic conductivity of

the riverbed material and difference between the river water stage and groundwater

level (Jia et al., 2001).”

8. Comment 39.

“… Figure 10 have no measured values. Figure 10 was provided to compare the

effect of model improvement on the hydrological cycle flux.” How can we know that

it is an improvement if there is no field value to compare to ? Unless I missed

something, the fact that it is different does not imply that it is better no ? I don’t

follow this reasoning.

Reply: We did not intend here to say which water cycle flux change process is better.



The model performance has been discussed in Section 3.1 through the comparison of

flow processes. In Section 3.3, the comparison of the changes in water cycle fluxes

between the two models was only intended to explore the influence of gravel on the

water cycle process.

Therefore, in order to avoid ambiguity, we change the title of Section 3.3 from:

“Simulation and comparison of watershed flow process”

To:

“Analysis of the snow–soil–gravel layer continuum effects on the process of water

cycling”

Additionally, the following sentences were added before the comparative analysis:

“By comparing the hydrological cycle fluxes simulated by the two models, the

influence of gravel on hydrological processes and the contribution of gravel to

enhancing the simulation can be revealed, to some extent. Figure 10 shows the

comparison and analysis of hydrological cycle flux changes across the basin

simulated using the WEP‒QTP and WEP‒COR models.”

9. I went through the new draft:

Line 197

“… its higher reflectivity to shortwave solar radiation were also considered”

When talking about snow. So here again I wonder: are the authors using surface

energy balance calculation (including radiations) or not ? Because if it is just the

new equation 7, radiations are not accounted for in the model…

Reply: The surface energy balance equation was not used in the calculation of G, and

we deleted this sentence accordingly.

10. Line 227

I think it would be nice to have the values of the empirical parameters.

Reply: Flowing the introduction of the equation parameters, we supplemented the

parameter taking values accordingly, as follows:

“Wang et al. (2013) provided a full description of the factors and parameters used in



Equation (1) (Am = 1.45, Bm = 0.2, λ = 0.18) in this study.”

11. Several lines:

Line 63-64: “the saturated hydraulic conductivity of SGM decreases as the gravel

content increases”

Line 222: “since gravel can neither conduct nor store water”

Line 242: “The gravel increases the porosity in the SGM layers”

Line 347-348: “The saturated hydraulic conductivity of the soil layer was 0.648 m/d,

that of the SGM layer was 4.32 m/d”

These assertions don’t work together or if they do please explain.

Reply: Lines 63-64 refer to the case of low gravel content, but the soil of the QTP

generally has a high gravel content. The abundance of gravel allows the formation of

many interconnected pore channels within these sediments, thus increasing their

saturated hydraulic conductivity. Therefore, the result of parameter calibration was

that the saturation water conductivity of the g-layer (the lower gravel and soil mixed

layer) is greater than that of the s-layer (the upper soil layer).

In order to avoid ambiguity, we have rewritten this part in the introduction as follows:

“As a result of the collision of the Indian and Eurasian plates, there are many gravel

and rock fragments within QTP Quaternary sediments ( Chen et al., 2015; Deng et al.,

2019). The abundance of gravel allows the formation of many interconnected pore

channels within these sediments, thus increasing their saturated hydraulic conductivity

(Beibei et al., 2009).”

We also removed sentences that were likely to cause misunderstanding (Lines 63-64

and Line 222).

12. Line 279-280

“For the heat transfer process, assuming that the upper boundary of the system is

the atmosphere, which controls the input and output of the system energy.”

This sentence has neither subject nor conjugated verb relating to the subject.

Reply: Thank you for pointing out this mistake, we have made the following



corrections to this sentence:

“For the heat transfer process, we assumed that the upper boundary of the heat

transfer system is the atmosphere, which controls the input and output of the system

energy.”

13. Line 300-301

Former equation 11 is now equation 9.

Reply: We have corrected this error and checked all equation references.

14. Line 373-377

Please explain how you got discontinuous but millimetric values of the snow cover

for your observations. Explain also how the comparison was made. The contour

bands are 20 km2 in average and we are talking here about a point-wise

measurement.

Reply: These snow thicknesses were manually measured in the field during each

inspection of the experimental site, so they were discontinuous. The snow thickness of

the experimental site was calculated according to the precipitation and temperature of

the site through equations 4, 5, and 10, and then compared with the measured values.

After validation of the actual measurements, these equations were then applied to the

model to calculate the average thickness of snow in the contour band.

In Section 2.1.1, we added the method of snow thickness measurement:

“The monitoring instruments were inspected regularly during the experiment, along

with manual measurement of snow thickness.”

15. Line 379

If I understood correctly there is just one experimental site, so no S at site.

Reply: Thank you for pointing this out. We have corrected this in the revised

manuscript.

16. Line 395



The legend of the figure was cropped (visible on the initial submission). The graphs

are left without legend, and cannot be understood.

Reply: Thank you for pointing this out. We have replaced it with new figure in the

revised manuscript.

17 Line 418

As for figure 7, there is no longer a legend on Figure 8 and the reader cannot know

what is observation, QTP and COR.

Reply: Thank you for pointing this out. We have replaced it with new figure in the

revised manuscript.
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Reviewer 2

This study developed a hydrological model (WEP-QTP) to consider soil– gravel

structure (SGS) for areas in Qinghai-Tibet Plateau (QTP). The model employed

different infiltration approaches to represent the impact of the dualistic SGS under

fully thawed conditions, and it coupled heat and water transfer process for the snow

soil–gravel layer continuum system. The model was well evaluated in a watershed

in QTP regarding streamflow, snow thickness, soil-gravel temperature, and

moisture. This model may be applicable in QTP to represent heat and water fluxes.

However, large uncertainties exist from the forcing data, the model parameters. It is

not a difficult task to obtain acceptable performance if the model was evaluated in a

few sites of observations. The paper is readable, but language editing is strongly

recommended to make the paper concise and professional.

Dear Reviewer:

Due to the limitation of the field experiment environment on the QTP, we only

used one site for model validation of the water-heat transport in soil. However, the

flow process was validated using data from three hydrological stations. To make up

for this deficiency, we have added the values of relevant parameters and reference

notes in the revised manuscript. We thank you for your suggestion, which we will take

into consideration in our subsequent study by selecting more typical experimental

sites to optimize our model.

Our detailed responses to your comments are provided below.

1. The primary motivation of developing WEP-QTP is the dualistic SGS in QTP.

The authors provided site-specific example of the structure (Fig. 2). But it is

unclear about that SGS is extensively distributed in QTP. So the authors should

discuss the extensive distribution of SGS.

Reply: The dualistic soil–gravel structure of the QTP was formed under the combined

effect of long-term low temperature and plate collision, so this structure is commonly

found in cold alpine regions. In these areas, physical weathering is dominant due to



long-term low temperature, mineral decomposition is low, and clay content gradually

decreases from top to bottom. In the plateau meadow areas of the QTP, due to the

slow decomposition of biomass in the soil, the topsoil (typically 0–20 cm) in this

region accumulates much denser grassroots and more soil organic matter than does

the deep soil (Yang et al., 2009).

Similar soil stratification structures were also observed by Yang et al. (2009) in Anduo,

Chen et al. (2015) in TGL, and Pan et al. (2017) in Madoi and Nagqu. We plotted the

sampling sites of these studies and our study areas in the figure below so that you can

better understand the distribution of the current stratified research on the QTP.

We also revised the introduction regarding the distribution of this soil stratification

structure accordingly to make our discussion more rigorous.

The following change was made:

“In addition, under strong freeze-thaw conditions in the cold plateau region, the

humus accumulation of herbaceous plants is slow, while the decomposition of

minerals is weak, resulting in slow soil development on the surface of Quaternary

deposits and a thin soil layer above the SGM (Deng et al., 2019; Yang et al., 2009;

Chen et al., 2015; Sun, 1996).”

To:

“In addition, in the cold alpine regions of the QTP, the decomposition of biomass

occurs mostly in the surface layers of Quaternary sediments owing to the low

temperatures, resulting in the formation of a thin soil layer that is more highly

developed and accumulates more organic matter than deeper layers (Sun, 1996). This

soil stratification is particularly evident in alpine meadows (Yang et al., 2009; Pan et



al., 2017).”

2. If it is true the SGS is quite extensive in QTP, but the authors did not show the

thicknesses of the top-layer soil and the underlying gravel. The thickness of the two

structure is important to determine the related model parameters. Certainly, model

calibration will improve the model performance, but can the calibrated parameters

represent the physical structure of the SGS?

Reply: For the thickness of the upper soil layer, we found through field sampling that

they gradually decreases from the foot to the peak of the mountain in the study area

(Lines 149-151). Higher elevations on the mountainside are generally alpine meadows

with a soil layer thickness of about 40 cm. The bare lands further up the mountaintop

are difficult to reach, but we speculate that they may be thinner. Therefore, in the

model parameter setting, we set the soil thickness to 0.2 m, 0.4 m, and 1.0 m in the

upper, middle, and lower contour zones, respectively (Lines 352-353).

For the depth of the g-layer (the lower gravel and soil mixed layer), due to the

difficulty of actual measurement, we set it in the model as a multiple of the soil layer

thickness, which is determined by the model parameter calibration. Its thickness is the

total thickness of the aquifer and vadose zone above the impermeable boundary minus

the surface soil thickness.

The calibrated model performs well in both the flow simulation and the water‒heat

transfer simulation. Especially for the simulation of the vertical variation of the

moisture content (Fig. 3), from which we can observe that the parameter

generalization of the model structure adequately reflects the actual situation

(simulated soil moisture content varies discontinuously between above and below 40

cm).

Accordingly, we provided the following supplementary explanations in Section 2.2 of

the manuscript:

“Under fully thawed conditions, the calculation object of water movement was

defined as the dualistic soil–gravel structure (Fig. 3a). The upper layers were soil

(s-layers), whose thickness was determined by the location of the calculation unit, and



which gradually decreased from the foot to the peak of the mountain (Fig. 3b). The

lower layers were a mixture of gravel and soil (g-layers), dominated by gravel, the

thickness of which was the total thickness of the aquifer and vadose zone above the

impermeable boundary minus the surface soil thickness.”

3. The so-called improved model also introduced many new parameters as shown

in Eqs. (1-3), for example, Am, Bm, and h. How were these parameters estimated in

the application? What are the ranges of these parameters? Moreover, what about

the sensitivity of the model performance to these parameters? The information

regarding parameter sensitivity will be very important if the model is used in other

watersheds. It would be better to provide a list of these new introduced parameters

and their ranges.

Reply: For Equation 1, Am, Bm, and λ are the empirical parameters to be estimated, and

we determined the values of these parameters based on the recommended values

combined with the simulation effects according to Wang et al. (2013) (Am=1.45,

Bm=0.2, and λ=0.18). Wang et al. (2013) obtained a range of values for these equation

parameters by fitting water retention curves to soil mixtures with different gravel sizes

and gravel contents and provided a complete description of the factors and parameters

used in the equation.

We added the following supplementary notes to this equation in the revised

manuscript:

“Wang et al. (2013) provided a full description of the factors and parameters used in

Equation (1), Am =1.45, Bm =0.2, λ=0.18 in this study.”

For Equation 2, Aitf and Bitf are not parameters to be estimated, but intermediate

parameters calculated from water content, capillary suction pressure, and hydraulic

conductivity. Their specific calculation methods are shown in Appendix B by

Equations B5 and B6.

For clarity, we added the following supplementary notes to the equation in the revised

manuscript:

“...Aitf is the total water capacity of the s-layers above the interface (mm); and Bitf is



the error caused by the different soil moisture content of the s-layers above the

interface (mm). A full description of the two parameters Aitf and Bitf has been provided

by Jia and Tamai (1998), and their calculation is shown in Appendix B by Equations

B5 and B6.”

4. WEP-QTP coupled a water-heat transfer process. Actually, a few other

hydrological models (e.g., VIC) have considered this process (including the effect of

freeze–thaw soil) so they are applicable to simulate hydrological processes in cold

regions. What is the advantage of WEP-QTP?

Reply: These models, like the WEP-COR model, define the simulated object of the

water-heat transport process as a homogeneous medium, which is applicable to the

simulation of the water-heat transport process in typical cold regions. However, the

underlying surface of the QTP is different from that of typical cold regions, and the

soil stratification structure affects the water-heat transport process. When these

models are directly applied to this region, the soil moisture content of the topsoil and

the surface air temperature gradient are significantly underestimated (Yang et al.,

2009).

Our study also shows that the soil-gravel layer structure in the QTP affects flow

processes. Neglecting the presence of gravels will underestimate the groundwater

regulation, which would be detrimental to the accurate estimation of surface and

subsurface water resources in this region under future climatic conditions.

The improved WEP-QTP model takes into full account the influence of the soil-gravel

layer structure on the water-heat transport process and water cycle process, and its

performance is significantly improved compared with the hydrological model

(WEP-COR) applicable to typical cold regions.

5. Lines 160-161, why were both LAI and NDVI used to calculate ET? The two are

changeable in many cases.

Reply: In this model, LAI was used in the Penman-Monteith formula to calculate

transpiration. NDVI was used to calculate the fractional vegetation cover (Veg), which



was used as a coefficient to calculate transpiration from the dry part of vegetation

leaves (Jia et al., 2001):

��� = ���(1 − �)���

where ��� is the transpiration from the dry part of vegetation leaves; � is the

fraction coefficient of the foliage covered by a water film; and EPM is the

Penman–Monteith transpiration.

6. Lines 190-193: was the hydrological process in farmland improved in the study?

Does this study area contain farmland?

Reply: Yes, farmlands are generally located at the foot of mountains where there is a

thicker soil layer, and these areas were also improved as a calculation unit with soil

thickness of 100 cm. However, the share of farmland is relatively small, accounting

for only 1% of our study area.

7. What is the difference between subsections 3.1 and 3.2? Both of the subsections

described the comparison of streamflow.

Reply: I think you may be confused by the difference between sections 3.1 and 3.3

(and not section 3.2, which presents a comparative analysis of soil temperature and

moisture). Section 3.1 only introduces the parameters of model calibration and the

simulation results. Section 3.3 is designed to explore the effect of the snow-soil-gravel

layer continuum on the water cycle processes by comparing the simulated differences

between the hydrological cycle flux before and after the model improvement.

To better organize the paper, we have changed the title of Section 3.3 from:

“Simulation and comparison of watershed flow process”

To:

“Analysis of the snow–soil–gravel layer continuum effects on the process of water

cycling”.

Also, we have added the following exposition at the beginning of this section:

“To explore the influence of the snow–soil–gravel layer continuum on the process of

water cycling and the reasons behind the improvement of the model simulation, 2014



(a year for which all measured data were available) was selected as a typical year to

compare and analyze the simulation results before and after model improvement (Fig.

9).”

8. Please provide legends for the lines in Figs. 7, 8.

Reply: Thank you for pointing out these errors. We have replaced these figures with

new figures in the revised manuscript.

9. Please give language editing to make the paper concise professional.

Reply: Thank you for your suggestion. The language of the revised manuscript has

been improved by a native English speaker/professional science editing service.
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