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Response to Referee #1 :
We appreciate the Editor and Referee # 1 for their valuable and constructive com-
ments for this manuscript, which greatly assist in improving the quality of the original
manuscript. We have carefully checked and revised the whole manuscript according
to the Referee #1 ’s comments. Please find a point-by-point reply to the issues as
follows. And we have also uploaded the file of ’acp-2017-94-revised.pdf’.
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Comments raised by Referee # 1
This paper describes an experimental study on the effect of livestock trampling on dust
emission using a mini wind tunnel. The subject is interesting from the anthropogenic
dust point of view. However, the results presented in the paper seems not very rea-
sonable (in my opinion) about the dust emission mechanism. Also, it does not provide
sufficient information for estimating the impact of livestock trampling on the regional
dust emission amount. From the dust emission mechanism point of view, there should
be more detailed descriptions about the change in the physical condition of grassland
surface by trampling. The ratio of the flux F/F(free) is considered in this analysis. How-
ever, the reason for taking the ratio is not explained. Physical meaning is not clear. (In
addition, the data for F(free) contains big errors as can be seen in Appendix.) Also,
the reason for describing the ratio by 1+f is not clear. It seems the function form to
describe the experimental results is rather arbitrary. In Eq. (8), the major term that rep-
resents the effect of trampling is proportional to the 8th power of u*. Is it reasonable?
A physically reasonable function form should be used.

An important subject would be estimating the contribution of dust emission from tram-
pled grassland. From this point of view, it would be better to discuss the dust emission
flux in (trampled) grassland in comparison with that in arid and semi-arid regions.

Response: We greatly thank Anonymous Referee # 1 for quite helpful and
constructive comments given to our manuscript (MS). We highly appreciate
your contribution for the improvements of our manuscript with well-judged
comments.
We have revised our manuscript according to the suggestions and com-
ments raised by the Referee # 1. We strongly believe that the Referee # 1
will satisfy with the revised version of the manuscript. The major revisions
are included:

1. We agree to the Referee’s point given on the livestock trampling func-
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tion (fL). The equation of the function was derivative by statistical
fitting, not based on dust emission mechanism. We have revised our
manuscript according to the Referee’s point. The livestock trampling
function (fL) is no longer in the central focus of this MS. Instead, MS
focuses on the dust emission at trampled grassland (FN ) in a compar-
ison to dust emission from natural grassland (FREF ), as it suggested
by the Referee # 1 in the concluding paragraph on the review letter.

2. We have used the ratio of FN/FREF to differentiate between the dif-
ferent dust strengths, and by it, we scaled factor of anthropogenic dust
emission due to livestock trampling. We have included the explanation
for scale factor in the ’Data analysis section’.

3. Since we have excluded fL function, 1 + fL term is no longer in the
revised manuscript.

Point by point response

1. This paper describes an experimental study on the effect of livestock trampling
on dust emission using a mini wind tunnel. The subject is interesting from the
anthropogenic dust point of view.

Response: Thank you. This comment is very encouraging for us.

2. However, the results presented in the paper seems not very reasonable (in my
opinion) about the dust emission mechanism. Also, it does not provide sufficient
information for estimating the impact of livestock trampling on the regional dust
emission amount.

Response: We appreciate Referee’s concern. We considered the
point, carefully. It is crucial to estimate the impact of livestock trampling
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on the regional dust emission amount. However, our limited dataset re-
stricts us to provide sufficient information on a regional level. With this
aim, we tried to develop the livestock trampling function as an applica-
ble simple formula to estimate dust emissions from trampled Mongolian
steppe (which occupy approx. 30% of its territory). The function is sim-
ple; depends on u∗ and N . These kind of data can be downloadable
on annual basis. Moreover, it will be easier to account the livestock
number, than defining changes in soil physical conditions (Referee #
1 also mentioned, we should also check how soil physical condition
changes). In practical application, a such derivation would be hand-
ful. However, the formula is fitted statistically; which fails to express its
physical meaning. We completely agree to the Referee’s point that the
formula does not reflect dust emission physics. Therefore, we revised
content of the MS into "scale factor" as a ratio of FN to FREF .

[Data analysis section: Page 12, Line 4-14]

And, we emphasized the necessity on larger dataset covering spatial
variations and soil textures, as well as atmospheric conditions for a
broad usage of the scale factor.

[Page 19, Line 19-20; Page 20, Line 23-24]

3. From the dust emission mechanism point of view, there should be more detailed
descriptions about the change in the physical condition of grassland surface by
trampling.

Response: Thank you very much for this comment. As the Referee
mentioned, it would be a perfect illustration if we could link trampling
effect on soil surface; and then connect it to the dust emission. This
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type of work is needed for a better understanding and a well described
anthropogenic dust emission mechanism. The referee is right to point it
out, yet our research focus is the dust emission strength changes due
to trampling. Our research is no longer focused on the dust mecha-
nism.
It is true that the soil physical change by trampling is the study topic
we should push forward. Importantly, in our study, the factual effect of
trampling on dust emission is revealed; this foremost step will direct to
the advanced study. We strongly believe that the Referee will agree
to it. We have already included the brief descriptions of soil physics
changes resulted from mechanical disturbance by livestock trampling.
We believe this type of information is satisfactory in the content of our
MS.
[Page 2, Line 30-31; Page 20, Line 2-5]

4. The ratio of the flux F/F(free) is considered in this analysis. However, the reason
for taking the ratio is not explained. Physical meaning is not clear. (In addition,
the data for F(free) contains big errors as can be seen in Appendix.)

Response: Thank you for pointing it out. Now, we have included the
meaning of the ratio; and the reason. The ratio of FN/FREF is pre-
sented to differentiate between the different dust strengths. The ratio
not only differentiates dust strengths but also it expresses / measures
a scale factor of dust emission enhanced by trampling.

[Page 12, Line 7-13]

As for obtained data, we too were disappointed by the big errors (in
Appendix). Later, we have been convinced that it is the correct. On
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the field, we had recognized heterogenous sediment surface bye eye
observation. The possible reason for heterogeneous sediment distribu-
tion was demonstrated by the other research findings. We separately
added a detailed explanation on the relatively big standard deviations
on measured dust emissions on mean dust emission sub section of
’Methods and Materials section’.
[Page 11, Line 9-20]

5. Also, the reason for describing the ratio by 1+f is not clear. It seems the function
form to describe the experimental results is rather arbitrary.

Response: Right. We completely agree with the comment. Yes, the
function is fitted, statistically. It will give some uncertainty for estimating
impact of trampling effect on dust emissions; particularly for the areas
beyond our study site. Therefore, we recommend that to test the same
for more broad illustration. This kind of result with updated data will be
useful; and connecting and combining the results from other sites will
surely give us a big picture.
Since, we focused on the scale factor of dust emission due to trampling
(dust emission ratio from trampled to natural grassland) by removing fl
function; at this time we have also excluded our 1 + fL result from MS.

[Page 10, Line 13-19; Page 17]

6. In Eq. (8), the major term that represents the effect of trampling is proportional
to the 8th power of u*. Is it reasonable? A physically reasonable function form
should be used.

Response: Yes, somehow. We are not certain; this result should con-
firmed by other results. One of the confirmation was the recent finding
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by Zhang et al. 2016; showed that the dust emission dependent on
u ∗4 −u∗10 varied by the renewal process. This renewal process (dis-
turbance) is kind of artificial disturbance. Our result lies in the range,
which was discussed in the MS. However, as the Reviewer mentioned
we should aim for the physically based formula. Again, now we focused
on the contribution of the dust from the trampled grassland by removing
fl function; therefore the related changes excluded such a discussion.

[Page 19, Line 12-14]

7. An important subject would be estimating the contribution of dust emission from
trampled grassland. From this point of view, it would be better to discuss the
dust emission flux in (trampled) grassland in comparison with that in arid and
semi-arid regions.

Response: Thank you very much. This comment gave us a clear di-
rectional insight how to revise our manuscript. We totally agree to the
Referee’s concluding comment. In the revised manuscript, a compari-
son between dust emissions from trampled surface and non-trampled
surface is the main research point. In the previous version of the
manuscript, the major point was cluttered by the livestock trampling
function. We have revised our manuscript according to the Referee’s
comments.
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