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Dear Editor,

This manuscript is a resubmission of bg-2014-405. As suggested in the decision letter, we submit a
shorter and more focused manuscript that takes into account all the comments and suggestions of

the reviewers. The manuscript also benefited from a thorough editing for language.

Thank you very much for the review of our manuscript. We found the comments made by both you
and the referees to be very constructive and believe that the manuscript, revised in light of them,
is significantly better. We list below the specific responses to the individual points raised by the
referees and detail the changes made in the manuscript. For easy reference, the original

comments are presented in black, and our responses in bold italic red.

Our results have not been published elsewhere and are not under consideration for publication

elsewhere. All authors have seen and agreed to the version submitted.

Sincerely,

Frangois Wiaux, PhD
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Interactive comment on “Quantitative estimation and vertical
partitioning of the soil carbon dioxide fluxes at the hillslope scale on a
loess soil” by F. Wiaux et al.

1. Editor decision

Dear Dr. Wiaux,

Based on the detailed comments of three reviewers, publication of your manuscript in its present
form is not recommended, and major revisions are being requested. Based on your response from
February 5, 2015, | consider that revisions of this manuscript should be feasible and that you should
be able to address most of the reviewers concerns. | therefore decided to re-open the publication
process and allow submission of a revised manuscript.

In you re-submission, please explain how and where each point of the reviewers’ comments has
been addressed, and please supply a point-by-point response to all reviewer concerns. Should you
disagree with any part of the reviews, please explain why.

Kind regards,
Daniel Obrist

As suggested in our response from February, we implemented the following main changes in the
manuscript:

(i) we modified the introduction where we focus on soil organic C cycling and soil fluxes only and
remove the links to net ecosystem C exchange based on eddy-covariance techniques;

(ii) we removed the modeling section in the methods (i.e. section 2.6) as well as the parts of the
results and of the discussion sections related to SoilCO2-RothC modeling and hillslope C budgets
(i.e. section 3.2., section 4.3 and parts of section 4.1 and 4.2) and;

(iii) we rewrote the conclusions and abstract in light of the new focus of the paper.

This has resulted in a much more concise manuscript where the overlap with previously published
work has been fully eliminated, except for the field site description.

In this new version, we now focus on two related and important issues: (i) the vertical partitioning
of CO; fluxes and (ii) the storage of OC in deep layers of colluvial soils. Note that, as suggested, the
sections describing the long-term CO; fluxes at the hillslope scale based on the RothC modeling are
completely removed.
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2. Anonymous Referee #1

Overall comments:

| first thought this was a great study, great experimental design and innovative measurement set-up.
By and large, | like the methodology, the analysis performed, and | find this a comprehensive study.
Maybe a shortcoming of the study was that it was done in an agricultural setting and the authors
could have expanded more about the relevance of this site for other systems and for global fluxes,
especially since they mention in the abstract about a 20% underestimation of CO2 fluxes when not
accounting for landscape differences. So my first impression was to approve this publication with
minor edits.

We are very pleased with this positive comment on the relevance of our manuscript. The
comments/suggestions raised by this reviewer were very constructive and helpful.

As | read this paper, | noticed that significant portions of this study were already published elsewhere
(Wiaux et al. 2014 a-c), and the more | read to more referencing | found where the authors
mentioned that findings described here were in agreement with either of these other papers. | feel
that the authors need to very clearly characterize what is really novel in this study as compared to
three publications from this same site and measurement campaign (Wiaux et al. 2014, Geoderma;
and Wiaux et al. 2014, Soil Biol. Biochem, and Wiaux et al, in review that the reviewer has not seen).

For example, one main conclusion point of this paper as highlighted in the abstract is that the
footslope site generates more CO2 fluxes than the summit position, and that the depositional
footslope profile emits more CO2 than the summit, due to its high amount and quality of OC. This is
the same conclusion as published in Wiaux et al., in Geoderma, where the authors report significant
differences in respiration with 30% more at the downslope and 50% more at the backslope relative
to the uneroded summit position, and report higher amount of OC. | understand that there are
differences in measurement methods (surface CO2 measurements compared to in-situ profile
measurements), but it seems that the same result as published before is highlighted in this
manuscript. So | felt | should suggest to the authors to eliminate the modeling component to
estimate annual surface CO2 exchanges, and instead focus their discussion on depth patterns of
diffusivity, diffusion gradients, and contributions to CO2 fluxes.

Although we accept that there is a need to identify more clearly the novel components of our
study, we do not agree with the assertion that ‘significant’ portions were published elsewhere. We
present new methods and data but discuss our results in a broader context using results from
other, but also our own studies that were conducted on the same site. These studies focused on the
spatial and vertical patterns of soil organic carbon quality (Wiaux et al 2014a) and soil surface
respiration (Wiaux et al 2014b). The use of this information in the discussion part of our paper
seems appropriate to us. However, as suggested by the editor, the discussions in relation to the
hillslope scale carbon budget have been removed in this revised manuscript. By doing so, this paper
now focuses more on the vertical partitioning of carbon fluxes. Note that the companion paper has
been rejected by the editor and has not been submitted elsewhere so there is no overlap here
neither.
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This hillslope scale modeling and the yearly extrapolation exercise with the RothC-SOilCO2 model
have been removed from the manuscript (please see editor comments and our answer). We now
focus on the points highlighted by the reviewer.

However, the authors then refer to a study (Wiaux et al., in review) where the authors apparently
already presented CO2 vertical diffusion profiles of this same study. As | have not seen that paper,
but if also CO2 profiles from this same study have been published, then | have serious doubts about
the need for this publication as all major results have been already published in other journals?

Wiaux et al. (2014c) has been rejected and will not be resubmitted elsewhere. Hence, there is no
overlap anymore with this paper. As suggested by the editor, we merged the relevant parts of the
Wiaux et al. (2014c) with the present paper.

Given the large amount of results that have already been published, this paper is very long and has
many figures. Upon an approximate count, | found that the text is over 12,000 words, 2 tables, and 8
figures. This length greatly exceeds standard formats in any other journals (probably more than
double), and makes reading this paper very exhausting. | would think the length could be greatly
reduced given the material already published.

We have removed a substantial part of the material and methods and of the discussion sections,
reducing the length to approximately 5200 words (excluding abstract and references).
Furthermore, all tables (i.e. Table 1 and Table 2) and Figure 8 have been removed. Together, this
now results in a short and focused paper.

Further detailed comments:

The abstract does not well represent and summarize observed patterns. For example, they focus on
patterns at the footslope (i.e., high water content “disabling” vertical transfer), but don’t mention
any patterns of the hilltop location, nor any other seasonal or spatial aspects of observations. Such
information should be included given the experimental design of this study using two contrasting
measurement locations. It is unclear how the authors come to the estimated 20% underestimation of
soil-atmosphere fluxes when not considering landscape dynamic processes.

We agree with this assessment and we have prepared a substantially revised abstract. The abstract
now reports the key results in relation to the vertical partitioning and the physical controls.

This study measures CO2 gradients at two locations located along an agricultural hillslope (i.e., hilltop
and the footslope positions). Throughout this manuscript, the authors mention and discuss that they
measure and calculate “aggregated hillsope CO2 fluxes” and that they measure “at the scale of a
hillslope”. However, they only measure the two end members of this hillslope (only two contrasting
measurement sites), and therefore their claim of measuring across the hillslope seems inaccurate
and highly overstated. They should re-phrase sections referring to aggregated hillslope CO2 fluxes
and clarify that their measurements focus on contrasting end points of this gradient.

There are too many figures in this manuscript, and the overall length should be shortened: for
example, Figures 1 and 2 can be removed as these figures have already been published in another
paper by Wiaux et al. and Figures 3 and 4 should be combined into one figure. Note comments above
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about repeated publications from the same study, so unless new material is presented the figures
can be eliminated and referred to.

We have removed the hillslope-scale assessment and now focus on the differences between 2
positions with different soil physical properties and hydrological regimes.

The entire manuscript needs a careful edit, there a lot of small errors (e.g., prepositions of, to, from)
and stylistic inaccuracies.

We apologize for this. The manuscript has been carefully edited by the more experienced co-
authors. We hope that this new version will be easier to understand.

Title: Remove “the” of the ““the soil carbon dioxide fluxes”
This has been corrected.

Title: should reflect that measurements were of CO2 concentrations, and that fluxes were then
inferred. The technique used is not a direct flux methods, but rather models fluxes based on
observed vertical concentration profiles.

We specified these are “gradient-based” fluxes

Abstract: page 13700, line 1-2: What do the authors mean with “large spatial scales” Their study
assesses fluxes along a hillslope, which | might consider landscape scale, but certainly not large
spatial scales.

This hillslope scale quantification issue has been abandoned (please see editor comments and our
answer). Moreover, the abstract has been completely rewritten.

page 13700, line 5: the authors need to highlight what the importance of hillslope aggregate CO2
fluxes are, what does the word “aggregated” actually mean in this sense, please clarify.

Idem
page 13700, line 8: change “contrasted” to “contrasting”?
Done

page 13700, line 10-11: clarify what the “gradient method, i.e., that fluxes are calculated based on
Fick’s diffusion law.

Done

page 13700: line 15: “disables” is too strong, | assume there is still some residual vertical transport
during wet periods, just below the sensitivity of the system. And information should be given from
the summit position, i.e., that no saturation was observed and that during no period diffusion was
limited by high water content?

We reworded this sentence: “We show that most of the time high water filled pore space
downslope strongly limits the transfer of biotic CO2 along the soil profile, contrary to the summit
where gas can easily diffuse during all the year.”
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Is the CO2 production at depth limited by low O, content — it seems that authors refer to this without
clearly saying it?

We cannot be explicit about the O, content, because we did not measure it. Given the high water
content, O, limitations are likely.

page 13700, lines 24-27: it needs to be clarified how not including landscape dynamic processes
results in a 20% underestimation of soil-atmosphere fluxes.

This hillslope scale quantification issue has been removed (please see editor comments and our
answer).

Introduction: Page 13701, lines 1-5: the authors should give newer references on the global pool
sizes.

This hillslope scale quantification issue has been removed (please see editor comments and our
answer).

Page 13701, lines 10-11: please clarify what is meant with “hillslope aggregated CO2 fluxes”, | think
they mean CO2 fluxes scaled/average across a gradient from hilltop to the footslope of a watershed,
or something like that. Please clarify and define.

This hillslope scale quantification issue has been removed (please see editor comments and our
answer). Hence, this aggregation concept is not used anymore.

Page 13701, lines 17-19: it is not correct that EC technique is not appropriate for sloping landscapes,
there are attempts to doing this. But | agree that it is difficult and subject to higher measurement
uncertainties, this statement should be more careful rephrased.

This hillslope scale quantification issue has been removed (please see editor comments and our
answer). Hence, we do not refer to Eddy Covariance technique any more.

Page 13701, lines 22-25: clarify what is meant with “support scale”?
Idem

Page 13702, lines 10-12: please add some quantitative data on how much transfer and accumulation
of OC has been observed along hillslopes.

This is thoroughly described in a previous study on the same site. We therefore cite the reference,
and add a more explicit sentence to invite the reader to look at this publication for further
information: “[...] and Wiaux et al., 2014a describing how much transfer and accumulation of OC
has been observed along this studied hillslope”.

Page 13702, lines 13-14: clarify and give examples what the “series of complex and interacting
processes” are that are acting on these deposition sites.

These processes are related to combined effects of soil moisture, temperature and OC quality
effects on soil microbial activity (Wiaux et al., 2014b). This more explicit description has been
added in the manuscript.
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Page 13702, line 19-10: expand on the percentage contributions of the top 30 cm as compared to
deeper soil layers.

We expanded this affirmation as here below: “Goffin et al., . (2014) showed that the 30 first
centimeters of soil significantly contribute to the total surface CO2 flux (i.e. c. 80%, half of these
coming from the 10 first centimeters)”.

Page 13702, lines 23 -28: add information about the experimental setup to address the goals of this
study, i.e., measurements at two points (hilltop and hillslope) of a hill (how large/steep)? Further,
the contrasting two measurements at the hilltop and hillslope only in may view does not allow to
calculate “aggregated hillsope CO2 fluxes” nor measures “at the scale of a hillslope”, but rather
presents a contrasting view on two end members of this hillslope. This should be clarified here and
throughout the text.

We agree with this comment. This hillslope scale quantification issue has been abandoned (please
see editor comments and our answer). Hence, this aggregation concept is not used anymore but we
focus on a comparison between the summit and the hillslope.

Most importantly, clarify what is new in this study compared to Wiaux et al. 2014 a,b,c, and focus the
paper only on the new aspects.

This issue has been addressed by refocusing the paper on the vertical gradients and CO, profiles.

Materials and Methods: Page 13703, lines 2-5: mention the slope angle of the hill; what is the
cultivation regime at this site? It also needs to be clarified if the cultivation is the same on the hill as
in the footslope.

This information has been added:

“The slope percentage in the backslope area ranges between 8.5 and 16%, with a mean slope of
12%. The slope percentage in the convex shoulder area ranges between 4 to 8.5%, with an average
of 6%. The field is plowed (0-30 cm soil surface layer) every year. Each year, manure and nitrate
application are also carried out. The current crop rotation is winter wheat, maize and spring wheat.
The study site is has been described in further details in Wiaux et al. (2014a,b).”

Page 13703, line 12: combine Figures 1 and 2 into one Figure.

Combining Figures 1 and 2 would result in a very complex figure with a large amount of
information. Hence, we propose to keep them separated.

Statistics need to be added to clarify if and at what depth differences between the two locations are
significant.

As requested by the reviewer, we tried to remove the overlap with previous papers. Statistical
analyses have already been presented and described in Wiaux et al. (2014a) to discriminate OC
content between slope positions. Hence, we propose to not display further details here.

Page 1374, line 4-5: vertically inserting probes into the soils may cause diffusion along the vertical
walls of the tubes; please clarify how soils were backfilled after insertion (if at all), and how the
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authors can exclude the possibility that their measurements were affected by vertical diffusion or
advection.

The tubing method is an adaptation of the technique tested and presented by Young et al. (2009).
These tubes were inserted vertically into the soil, after drilling holes with a diameter that equals
the diameter of the PVC tubes. As a result, it was not necessary to backfill the holes around the
tube.

We added this further description:

“This approach avoids the need to backfill the bore hole, which will disturb the soil structure and
diffusion properties. Two rubber stoppers, one at 155 mm from the tube head, and another at the
top of the tube, prevented atmospheric air from penetrating into the gas sampling volume.
Petroleum jelly on these two rubber stoppers ensured a perfect air- and water-tightness and this
was verified under laboratory conditions before using the probes. A nylon membrane was used to
avoid soil particles entering the perforated tube and to limit further water infiltration.”

Page 13704, line 17-20: please rephrase, this sounds confusing.
We agree this was a bit confusing. We have rephrased this explanation as above:

“At each depth, the measurement of CO, concentration in triplicate allowed evaluating its spatial
variability (Maier and Schack-Kirchner, 2014). The averaged CO, concentration for each depth
interval was then representative of a measurement footprint of approximately 5 m>, covering the
same area as the IRGA chamber network located at the soil surface (Fig. 4).”

Page 13704, line 19: change “than” to “as”
Done

Page 13704, line 22-25: clarify the number of soil temperature and soil moisture probes, were these
collocated with each individual CO2 measurements?

This information is presented further in this section, and is also visually represented in detail on
Figure 4. We now describe the measurement design in more detail:

“At each of the 2 slope positions, we measured soil CO2 concentrations profiles at 4 soil depths
using 3 replicates for each depth measurement (Fig. 4). For soil VWC profiles, at each of the 2 slope
positions, 18 measurements were collected (6 soil depths, 3 replicates). Sampling depths for VWC
were 10, 25, 35, 50, 70 and 95 cm (Fig. 4). For temperature, 4 soil depths (10, 25, 45, 85 cm) without
replicates were measured (Fig. 4). The complete sampling design is schematically presented in Fig.
4.”

Page 13705, lines 2-8: please rephrase how concentration ranges of probes were adapted to best fit
their placement, this was confusing to read (I had to read several times to understand what they did).

We have rephrased this as follows:

“The concentration ranges of the Vaisala CO, probe were adjusted for each soil depth and for each
slope position. This allowed an optimal fit of the probes to the local concentrations. Each probe has
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to characterize the entire range of values encountered across seasons while at the same time, it
should have a sufficiently narrow measurement range to ensure the quality of observation in terms
of precision.”

Page 13706, lines 19-21: can the authors please clarify why they included the soil water retention
curve model into the tortuosity factor? Since they directly measured soil water content using TDR
probes, | would assume they can directly use measured soil water content to adjust for changes in
tortuosity based on water content, and don’t need the steps to use retention curves? Please clarify
and explain.

We used the Moldrup et al. (2000) model (Eq. 4), involving the Campbell soil water retention curve
model. We chose this model because it was shown to provide the most accurate and precise results
in the case of CO; fluxes calculation (Davidson et al., 2006; Goffin et al., 2014). This was also
demonstrated in a methodological chapter of the PhD thesis of Wiaux, 2014. Including the soil
water retention curve allows considering the impact of soil water content and tortuosity of the soil
medium on diffusivity. Hence, a proxy for soil structure (slope and air entry value of the retention
model) is integrated in the diffusivity model.

Page 13707, line 5-6: so does that mean to calculate surface CO2 fluxe, they used the top 0.1 cm
based on their 0.1 cm increments — or the top gradient measured with the first probes at 10 cm? Did
they account for the diffusion gradient between the top soil and the atmosphere, e.g., by
constraining the surface CO2 concentrations with atmospheric CO2 levels (~ 395 ppm)? That would
probably be the correct way to assess the relevant concentration gradient to calculate surface CO2
fluxes.

Indeed, we constrained the surface CO, concentrations with atmospheric CO, levels (about 400
ppm). This was already explained in the manuscript, but we now precise this here also. So yes, we
account for the diffusion gradient between the top soil and the atmosphere.

Page 13707, lines 15-17: it would be nice to have some information and discussion on the variability
of measured CO2 concentration profiles. This would add a nice discussion on smaller-scale spatial
variability.

We appreciate this suggestion. We added a short section (3.2) that provides information on the
variability of measured CO2 concentration profiles. In this new section, you will find information on
both (i) the variability of daily extrapolated CO2 concentrations at the bottom of the soil profile
and (ii) the variability of hourly measured CO2 concentrations at the 4 measurement depths. The
latter has been summarized in a new Table (Table 1). These results provide a better idea of the
quality of the data. We thank the reviewer for this suggestion.

“Providing unique values” sounds weird, maybe providing “an average value for each soil depth and
location”.

We agree and adopted your rephrasing.

Page 13708, lines 22 to page 13709, line 7: the authors should give reason to extrapolate fluxes to
yearly fluxes in lieu of previously published difference in surface CO2 fluxes based on surface
measurements at these two slope positions (plus further measurement points in-between).
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This hillslope scale quantification issue has been removed (please see editor comments and our
answer). Hence, we do not extrapolate anymore.

Sections 2.6.1 and 2.6.2. It is entirely unclear to the reader what the purpose of the modeling
component is, this aspect so far has not been measured in the introduction nor in the abstract. The
authors need to clarify in the abstract what the purpose of this modeling component is.

This hillslope scale quantification issue has been removed (please see editor comments and our
answer). Hence, this modeling component is not used anymore.

Page 13712, lines 20 to 25: | assumed that among the papers published in this study, this one focused
on the depth CO2 concentration profiles and contributions of different soil layers. The reviewer has
not seen Wiaux et al., 2014 in press, but here the authors refer to published soil CO2 concentration
profiles in a study in review.

Wiaux et al. (2014c) has been rejected and will not be resubmitted elsewhere. Hence, there is no
overlap anymore with this paper. In addition, this paper now much more focus on the depth CO,
concentration profiles and contributions of different soil layers rather than on the hillslope scale
modeling issue.

Discussion: page 13714 to 13715: | have now real troubles believing in the need and novelty of this
study. The authors discuss that the diffusion limitation for CO2 emissions at the footslope site, and
mention that this corrobotes diffucitivity profiles from Wiaux et al., 2014c and that is in support with
reporting gas diffusion barriers in Wiaux et al., 2014. So what is new here if not even the depth
patterns of CO2 diffusion and concentration profiles is new?

Please see the previous comment.

Discussion: page 13718, lines 6 -19. The modeling shows a flux averaged along 3 years of simulation
of ca. 1.5 times higher at the footlsope relative to the summit. This is apparently in agreement with
Wiaux et al., 2014b that shows fluxes 1.3 times higher at the footslope relative to the summit. | really
don’t understand the need for this modeling component since all they do is to compare it to a
measurement-based approach that is already in publication. So what is new here, and why do the
authors publish their results from the same site in multiple journals. They even state reasons for this
as published. | could continue to review and critique further aspects in the discussion and conclusion
sections, but not knowing what is really novel and new kind of makes this effort useless.

This hillslope scale quantification issue and the modeling has been removed (please see editor
comments and our answer). Hence, there is no risk of overlap with our previous publications
comparing soil CO2 emissions at different slope positions. The results we present here are really
novel and original, as well compared to our own papers as relatively to the literature. We indeed
achieved a vertical partitioning of the soil CO2 fluxes along two contrasted soil profiles in a
cropland, which was never done before in similar sites to our knowledge. Based on that, we
highlight that downslope soil surface CO2 emissions do not reflect soil micro-organisms respiration
but are much more governed by soil physical controls, and that soil OC at such a footslope is stored
throughout the soil profile (below 10 cm) and submitted to a long-term stabilization.
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Anonymous Referee #2

General comments

| find this article novel using an interesting approach to understand the role of landscape in the
carbon cycle, and linking results of two different scales (landscape and soil profile). The authors a
solid dataset with interesting results, and, in general, their discussion of results is solid and clear. |
appreciate the methodological details, although | find that they are sometimes too detailed (the
‘Material and Methods’ part has almost the same number of words as the ‘Results’ and ‘Discussion’
combined). | suggest to accept publication of this article with minor revisions.

We thank the reviewer for the positive assessment of our manuscript.

My general comments concern the involved mechanisms for both summit and footslope: soil micro-
organism respiration seemed to control CO2 emissions in the summit soils, whereas soil respiration
also increase the CO2 flux in the first 10 cm of the footslope soils (second §of 4.2, lines 3-16, page
13717). | understand that, in general, the CO2 flux at the footslope position is limited by the
diffusivity, but the authors should state that microbial activity as a driver for CO2 emission is not
specific to the summit soil only, as authors mentioned in the conclusion.

We now more carefully discuss the contribution of microbial respiration and the factors controlling
diffusivity. See section 4.1 of the revised manuscript.

Moreover, comparisons with results from Goffin et al. (2014) were not discussed in term of types of
soil or vegetation (for example, forested ecosystem in Goffin et al., 2014), and | would welcome more
detailed comparison to the results provided therein (i.e., not be exclusively focus on the surface or
deep layers).

The Goffin study reports on CO, production in forest soils and we agree that a direct quantitative
comparison is not straightforward, while similarities exist in the physical controls and the method
used to calculate the vertical partitioning. We have briefly clarified this in the discussion.

Moreover, | frequently read “in agreement with the recent findings of Wiaux et al. (2014)",
“corroborates the results of Wiaux et al. (2014)”, or “as described by Wiaux et al. (2014)”. The
authors have should better highlight the novelty of their current findings. In the current manuscript,
it seemed that several results were already found in the previous studies, so | suggest that the
authors focus on the novel aspects only.

As indicated in the responses above, we have more clearly identified the novel contributions of this
study.

Furthermore, | do not understand the exact meaning of “hillslope aggregated CO2 flux” (abstract, as
well as in the text). It will be nice to clarify the expression “aggregated” (spatial scale through the
landscape, through the soil profile, temporal scale. . .?).

This hillslope scale quantification issue has been removed (please see editor comments and our
answer). Hence, “hillslope aggregated CO2 flux” has been removed from the revised manuscript.
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Finally, | find that figures are, in general, too small and it is difficult to read the captions, particularly
for figures 5 and 6 where | cannot distinguish the different depths.

We have edited figures 5 and 6 to make it clearer and easier to read (and figure 8 has been
removed). To that aim, we split Fig.5 into Fig.5A and Fig.5B and Fig.6 into Fig.6A, Fig.6B and Fig.6C.
This will also allow a more flexible use of these figures for page setting, e.g. for the choice of
disposition as well as to display these figures with a higher size to ensure a clear reading.

Also, the figure 4 is little bit complex: the caption need probably more explanation, like the
difference between the foreground and the background.

We provide further explanation about the difference between the foreground and the background
in the caption of figure 4.

The figures 1 and 2, rapidly described in line 11 (page 13703), are part of ‘Results’ (rather than
‘Material and Methods’).

Figures 1 and 2 are results of one of a previous publication (Wiaux et al., 2014a). We therefore
suggest to keep it in the ‘Material and Methods’ section.

A final comment about the very frequent use of “ca.” (circa). | suggest to replace this term with
“about” or “approximatively” when necessary, and to remove it from many sections (e.g., when the
authors write “and reach ca. 1811 g CO2-C m-2 year-1”, it seems that this is quite a precise value
and “ca.” is not needed).

We now carefully avoid the frequent use of this term in the revised manuscript. In addition, we
replaced “c.” by the more explicit term “approximatively” throughout the manuscript.

Minor comments

Line 10: “for two periods of 6 months”

This has been corrected

Line 14: “from the first 10 cm”

This has been corrected

Lines 18-19: you have a problem in the unit: g CO2-C m-2 year-1
You are right, but this flux quantification issue has now been abandoned.
Introduction

Line 19 (page 13702): “that the first 30 cm of soil”

This has been corrected

Material and methods

Line 13 (page 13703): “for 48h”
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This has been corrected
Line 7 (page 13704): | think that you mean Fig. 3 and not Fig. 4, right?

No, Fig. 4 illustrates that the measurement plots were covered with a synthetic permeable
geotextile.

Line 26 (page 13707): the parenthesis is not closed

This has been corrected

Line 7 (page 13708): “by Wiaux et al. (2014c)”

This has been corrected

Results

Line 6 (page 13712): “from 4 to 28 °C at both, the submit and the footslope” (if it is the
same temperature for the two locations)

There was indeed an error but the maximum temperature was not the same at the two locations.
This has been corrected.

Lines 10. . . (page 13712): can you use the same units in both text and figure 5 (% or cm®*cm™)
We converted volumetric water content values in cm® cm™ everywhere in the manuscript.

Line 12 (page 13712): | do not understand the “(respectively)”. Did you mean from 38 (23+15) to 39
(34+5)? It is not clear.

Yes, this is what we mean. We removed the “respectively” to avoid misunderstanding.
Line 23 (page 13712): “at ca. 50 cm depth”, right?
This has been corrected.

Line 8 (page 13713): “in the first 10 cm”

This has been corrected.

Line 10 (page 13713): “depending on”

This has been corrected.

Line 12 (page 13713): “of the first 10 cm”

This has been corrected.

Line 14 (page 13713): “the first 30 cm”

This has been corrected.

Line 23 (page 13713): “Table 1 and Fig. 8", right?
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This section has been removed.

Line 15 (page 13714): “ca. 1.5 times more CO2-C”

This section has been removed.

Line 17 (page 13716): “the first 10 cm”

This has been corrected.

Line 20 (page 13716): change “who” to “which”, it is “the study of Goffin et al...”
This has been corrected.

Line 22 (page 13716): “neither”, did you mean “not” or “never”?
This has been corrected (we replaced “neither” by “not”)
Conclusions

Line 11 (page 13721): “the first 10 cm”

This has been corrected.

Reviewer 3 Comments:

The paper describes an interesting study using soil CO2 profiles and a process-based soil C cycling
model to calculate soil heterotrophic respiration fluxes.

We are very pleased with this positive comment on the relevance of our manuscript. The
comments/suggestions raised by this reviewer were very constructive and helpful.

In my review | had the benefit of reading the reviewer #1 comments and the response by the
authors with regard to the novelty of the data and the relationship of the current paper with
previously published work. | do somewhat agree with ref #1 that there is a lot of duplication and the
paper can be shortened considerably especially when describing methods. In my view the main new
points of the paper are the application of two modeling approaches to long-term datasets. It seemed
however that the application of the diffusion model to long-term data would have been a nice
addition to the paper that is currently under review since according to the authors that paper only
deals with short-term measurements. In addition, it would have made a lot of sense to include the
RothC simulations to the Geoderma paper since now two very different approaches are presented in
one paper and the two approaches are not merged in a very intuitive way. There may be a good
reason why the two approaches are presented in one paper but this was not clear from reading the
paper (especially the introduction).

Similar to ref #1 | feel that the authors need to do a better job on describing the novel aspects of the
study relative to previous work especially since the first part of the discussion is basically restating
conclusions drawn from previously published work.
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We fully agree with these statements, which have been highlighted by the three reviewers and the
editor. We adapted the revised manuscript accordingly, as already explained (please see response
to the editor and to the first reviewer).

A second major issue was the spelling/grammar. After a while | stopped marking up the manuscript
since there were so many spelling errors, incomplete sentences, and other grammar issues that |
think the manuscript requires a serious editing job. Not being a native English speaker myself | can
relate to language issues but the current state of the manuscript is unacceptable and it was
distracting me from focusing on the science.

We apologize for the confusing English. The manuscript has been carefully edited by the more
experienced co-authors. We hope that this new version will be easier to understand.

In addition to the grammar issues, the discussion contained many statements that were not
supported by data or other references which again with better editing should have been caught. |
suspect the senior author is relatively inexperienced and I'd suggest more involvement of the co-
authors in the editing process.

All co-authors were strongly involved in revising this manuscript. We hope this has improved the
overall quality of the paper.

This also applies to the description of the methods which was confusing, repetitive and sometimes

inconsistent so a thorough rewriting job is needed there to make sure the methods section flows
better. With respect to the detailed comments, | agree with most of the comments made by ref #1 so
I will not reiterate those but instead add additional comments that | feel need to be addressed.

Introduction

| believe the introduction should be more focused on soil organic C especially in the beginning. In the
second and third paragraph the authors discuss eddy-covariance and other flux-based techniques.

These measurements focus on net ecosystem C exchange (NEE) which includes the net result of
photosynthesis, autotrophic and heterotrophic respiration. Somewhere in the middle of the third
paragraph the introduction appears to shift to soil fluxes only which include a subset of processes
that contribute to NEE (heterotrophic respiration and belowground autotrophic respiration). | would
focus the introduction on soil respiration or at least make a clear transition from discussing NEE to
soil fluxes only. | agree with ref #1 that advances have been made in measuring NEE using eddy-
covariance techniques in steep terrain so dismissing this technique is not entirely appropriate and
would probably offend several people in the eddy-covariance community. In addition, the study site
is very small with only a modest slope (according to previously published work) so eddy-covariance
might actually work under these conditions. Consequently | would leave out any mention of eddy-
covariance in the context of this paper. Also, the introduction would benefit from having a short
description how the authors plan to address their objectives especially objective 1 related to the
persistence of deep OC.
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| had a very hard time understanding why two modeling approaches were taken and how they were
compared, i.e. which approach is better. It would have made much more sense to include the long-
term CO2 profile simulations with the other paper that is currently under review and include the
RothC modeling approach with the Geoderma paper. As it is now it is unclear why the two
approaches are presented in one paper so some explicit text to this effect would greatly help. Only
later in the methods it states that the RothC model was used for interpolating and extrapolating data
but why this approach was used instead of some type of regression analysis was not clear.

Based on these suggestions, we have completely rewritten the introduction; we removed the focus
on NEE and eddy-covariance approaches. As already indicated above, the work related to soilRothC
modeling has been removed and this addresses the comments related to the modeling approaches.

Materials and Methods

As ref #1 suggested, more details are needed with respect to slope, elevation, land use, previous
cropping regimes, etc. | realize some of that information is given in previous work but you could give
a quick summary so people can read this paper without having to have previous papers at hand.

We added more information with respect to slope, elevation etc but we limited this description to
the main characteristics in order to avoid overlap with published work. In order to clearly present
the main site characteristics without adding much more text, we also suggest to not remove
Figures 1 and 2 (while already presented in published papers).

Page 13704, line 12: | am not sure you can conclusively state that 3 replicates are representative for
the entire slope position so | would eliminate that statement or reword it. Incidentally, the first
sentence of this paragraph is repeated verbatim at the start of the next page and on page 13707 (line
15). Once is enough.

We agree with your comment. We therefore merged the three similar statements, moved it to
section 2.4. and rephrased it like this:

“At each depth and slope position, triplicate VWC and CO, concentrations data were averaged,
providing good indicators of the mean CO, concentrations at each of these locations. This
replication strategy at each depth also allow accounting for the spatial variability of VWC and CO,
concentrations horizontally (Maier and Schnack-Kirchner, 2014), extending their measurement

2 »

footprint to an area of i.e. 5 m”.

| would rearrange 2.2 since at the start of page 13705 the authors come back to the CO2 and VWC
measurements which were already mentioned on the previous page so | would consolidate this. It
was confusing to read the way it is organized now.

We have completely rearranged section 2.2. to make it more clear and to avoid repetitions.

Also, it appears that several of these methods are described in detail in other papers so only a
summary would probably be enough. For instance a figure showing the Vaisala probes with the
membranes etc. is not needed here but can be referred to. Also the figure showing where exactly
sensors are located is unnecessary but a better description in the text is needed as suggested by Ref
#1.
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The paper Wiaux et al. (2014c) has been rejected and will not be submitted anymore. Hence, the
figure showing the Vaisala probes with the membranes (Fig. 3) as well as the figure showing where
exactly sensors are located (Fig. 4) do not appear any more in some of our publications. As
suggested by the editor, who encouraged us to merge information from Wiaux et al. (2014c) with
the present paper, we argue this is now really necessary to keep these two figures.

Page 13705, line 13-19: But the RothC simulations include 2011. Please check this.

This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer).

Page 13707, line 18-19: | don’t understand this sentence.

This section has been removed.

Page 13707, line 19-21: This is repetitive, either remove it here or remove it from the previous page.
This section has been removed.

Page 13707, line 26-27: | would move this to page 13704 where you describe your field methods.
This section has been removed.

Page 13708, line 1-7: So the modeled fluxes under- or overestimated (this is not clear) measured
fluxes? Why was that and what conclusions were drawn from this? One could argue that the profile
method doesn’t work.

This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer). This section has been removed.

Page 13708, line 12: Vertical or horizontal space (I assume the former). Please come up with a better
term.

This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer). This section has been removed.

Page 13708, line 23-24: This is the first time it becomes clear why you use the RothC model. Why use
this to interpolate fluxes and how do you know if this approach is valid? From Figure 8 it appears you
only did this in C76192013 for part of the year or am | missing something?

This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer). This section has been removed.

Page 13709, line 1: But on page 13705 you said you measured for two years.

This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer). This section has been removed.

Page 13710, line 2-3: Why was the RPM pool assumed to be zero? Were harvest residues absent?
What was the cropping history?
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This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer). This section has been removed.

Page 13711, line 5-21: | was not sure what was going on here. Please make this understandable for
non- modelers.

This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer). This section has been removed.

Page 13711, line 9: ‘sensitive analysis’???

This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer). This section has been removed.

Page 13711, line 14: what 5 initial concentrations are meant here? 5 sites, depths, other?

This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer). This section has been removed.

Results
Page 13712: Please describe the results in the same order as shown in Figure 6.
This has been corrected.

Page 13713, line 24-25: What is actually compared here? In the footnotes of Table 1 it says that the
model was validated by a small number of instantaneous observations during 2011 and 2012 and
simulated fluxes using the profile method in 2013. So during two years only a (very) small number of
observations is used whereas in 2013 on model is validated using another model? How confident are
the authors using this approach? This needs more discussion.

This hillslope scale modeling and the yearly extrapolation issues have been removed and Table 1
has been removed (please see editor comments and our answer).

Page 13713, line 28: How would soil alkalinity contribute to CO2 emissions? Degassing from
carbonate precipitation? Please provide more explanation.

This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer). Section 3.2 has therefore been removed.

Page 13714, line 1-2: How were instantaneous chamber-based flux measurements converted to daily
measurements? This is not described anywhere as far as | could tell.

This hillslope scale modeling and the yearly extrapolation issues have been removed (please see
editor comments and our answer). Comparison with daily chamber-based flux measurements is
therefore not carried out anymore.

Several of the figures were pretty much unreadable because of the small font size so evaluating the
results section was really difficult.
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We have edited figures 5 and 6 to make it clearer and easier to read (and figure 8 has been
removed). To that aim, we split Fig.5 into Fig.5A and Fig.5B and Fig.6 into Fig.6A, Fig.6B and Fig.6C.
This will also allow a more flexible use of these figures for page setting, e.g. for the choice of
disposition as well as to display these figures with a higher size to ensure a clear reading.

Discussion

Page 13714-13715: How are differences in CO2 production rates from microbial respiration
accounted for? When soils are waterlogged microbial activity is likely to be low as well so how can
this effect be separated from the CO2 transport mechanisms? In contrast, during periods of high
microbial activity, CO2 production may be much higher than diffusion causing CO2 to build up.
Perhaps this is implied in this part of the discussion but there is no mention of the production here.
As a result | don’t know how you draw conclusions about the contribution of deep OC since you
present no information about the relative decomposability of this OC. There are likely to be
differences in diffusion patterns as a result of differences in soil properties between the two profiles
but not knowing what the differences in CO2 production within the profiles is makes it in my view
difficult to interpret the results. You could say something about this since this apparently was the
topic of previous papers.

We agree with you that this potentially confusing. The first paragraph of section 4.1 has been
expanded and we now provide a more detailed explanation. We also made some linkages with our
previous study in relation to soil moisture and temperature controls on soil respiration (Wiaux et al,
2014b).

In the present paper, we observed that at the summit the surface soil CO, fluxes clearly follow the
temperature variations (see section 4.1). Based on our findings about the controls of soil microbial
respiration (Wiaux et al., 2014b), this suggests that observed soil CO, emissions at the summit are
the result of CO, production by microbial respiration. On the contrary, at the footslope, the CO,
emissions do not follow temperature variations. This strongly suggests that the high water content
at this position negatively impacts CO, emissions. We argue that the specific dynamic of the CO2
emissions at the footslope is related to the VWC dynamics and that a high VWC: (i) strongly limits
the transfer of biotic CO, along the soil profile, and (ii) reduces the production of CO2 in situ due to
the lack of oxygen for the microbial community. In both cases, the lower CO2 emissions at the
footslope relative to the summit are then due to gas diffusion limitations (even indirectly in the
case of oxygen lack), contrary to the summit where gas can easily diffuse during all the year and
along the entire soil profile (Fig. 6).

We further suggest that the factor controlling CO2 emissions at the footslope is not only VWC as
such, but also the difference between the VWC and the water saturation level of the soil pore
spaces. While the VWC at the footslope remained high throughout the year, we observed that the
soil surface CO2 flux dramatically increased when the gas diffusivity exceeded a threshold value of
approximately 0.1 cm2 d-1 (i.e. from day 255 to 305 of year 2013, Fig. 6).

This has been added to the discussion in section 4.1

Page 13715, line 9: Figure 5 shows temperature and moisture, not CO2.
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This has been corrected.

Page 13715, line 23-26: Leading up to this statement there is very little discussion on how well the
modeling approaches worked in terms of simulating measured fluxes. Consequently, how do you
know that you improved the RothC model?

This hillslope scale modeling issues have been removed (please see editor comments and our
answer). This paragraph and consequently been removed.

Page 13716, line 5-11: How do you come up with this conclusion? You present no information on
CO2 production through microbial activity. Presumably this is presented in other papers but if so, you
would have to mention this and discuss this.

This has been demonstrated in Wiaux et al. (2014b). This reference supports the control
mechanisms which are specific for the summit soil profiles.

Page 13717, line 21-24: What evidence do you have that turnover actually occurs? If you had
turnover happening deep in the soil you would expect CO2 to be produced and if there were
diffusion limitations you would expect CO2 to build up. Is this what you mean? | also do not
understand why this explains the differences in distribution of stable and labile pools between the
two soils.

We apologize for this inconsistency: our results suggest that there is more probably no turnover
occurring at the footslope. The evidence consists of (i) approximately 90 to 95 % of the surface CO2
fluxes originates from the 10 first centimeters of the soil profile at the footslope , and (ii) the total
and labile soil OC pools remain important and homogeneously distributed along the entire soil
profile at the footslope (Wiaux at al, 2014a). Hence, we removed the sentences suggesting any OC
turnover and adapted the rest of this paragraph as follows:

“This absence of OC turnover along the footslope profile is also supported by the results of one of
our previous publications (Wiaux et al., 2014a), showing that the total and labile soil OC pools
remain important and homogeneously distributed along the entire soil profile at the footslope,
while it exponentially decreases with depth at the summit (Fig. 1, as described by Wiaux et al.,
2014a).”

What about contributions from vegetation over time? Could those be different between the two
slope positions?

This issues has been discussed in detail in Wiaux et al. (2014a): there is no difference in plant
contribution along the hillslope.

Page 13718, line 24-30: How can you say that the model was better than the EC measurements
based on the model error? The uncertainty in the EC measurements may be related to spatial
variability in the landscape whereas the modeling is based on two specific points in the landscape
using average values based on a relatively small amount of replication and probably represents a
mathematical error rather than an error based on spatial differences. This needs better explanation.

This hillslope scale modeling issues have been removed (please see editor comments and our
answer). This section has consequently been removed.
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Page 13719, line 11-14: Except that your analysis does not account for potential contributions of root
respiration since you had no vegetation at the site. Vegetation density/type is likely to vary with
position on a hillslope and as a result root respiration may be very different as well which could
explain differences in soil CO2 emissions between different points along a slope.

idem

Page 13719-13720: | think it is difficult to compare your results with other studies since a multitude
of factors could explain differences between studies such as amounts and quality of organic matter,
climate etc. in addition to the factors you mention in line 3-8 on page 13720. I'd take this out.

idem
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Abstract

We assessed soil G@luxes throughout two contrasted soil profiles along a hillsliopthe central

loess belt of Belgium. First, we measured time-series ibftemperature, soil moisture and €0

concentration at different depthsin the soil profiles foo tperiods of 6 months. Subsequently we

calculated the C©Oflux at different depths, using Fick’s diffusion law and horizpadific diffusivity

coefficients. The soil diffusivity coefficients were itahted using profile specific surface €@ux

chamber measurements. The calculated fluxes allowed assessingnthibution of different soil

layers to surface COluxes and elucidating deep soil controlling factors ory €@ission.

The results show that approximatively 90 to 95 % of the surface [Qg&sforiginate from the first 10

centimeters of the soil profile at the footslope. This inégdhat soil OC at such a footslope can be

stored along the main part of the soil profile (below 10 cm) abdhidted to a long-term stabilization.

We also observe that time-series of soil ,Gfnissions at the summit are in accordance with the

temporal dynamics of temperature. In contrast, at the footslopkigiviight that long periods of GO

accumulation alternate with peaks of important surface rethasdo the high water filled pore space

that limits the transfer of Cfalong the soil profile at this slope position.

il - ‘{ Mis en forme : Indice

.- ‘{ Mis en forme : Indice
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1. Introduction

Soils play a major role in the global C budget, as they contain 2 to 3 times more Kethémasphere

(Eswaran et al., 1993; Lal et al., 2003). There is now significant coab®ut the contribution of soil

OC to future climate change where a climate change drivereeatien of soil OC decomposition

could represent a positive feedback on climate. In addition to thefrs@@l mineralogy and microbial

communities, recent studies highlight the importance of soil bisipalyconditions that may vary

substantially with time and across landscapes (e.g. Ddi,e2042). In addition to the combined

effects of soil moisture, temperature and OC guality on reatobial activity (e.g. Wiaux et al.,

2014b), recent studies show the importance of physical control©gffiges such as gas diffusion

barriers along soil profiles .(e.g. Ball, 2013; Maier et al., 201dthErmore, most process studies so

far have focused on the soil surface layer while themows increasing awareness that subsoil OC

represents an important C store that interacts with thesmthere (Rumpel and Kégel-Knabner,

2011). Recent studies (Rumpel and Kégel-Knabner, 2011) highlighted that de€Csisi highly

processed, and showed the need to consider C fluxes originating froer ded horizons. This is

particularly relevant in landscapes with complex topography whrnéed OC in depositional areas

contributes substantially to soil C emissions (e.g. Van Ogait,e2012; Wang et al., 2014 and Wiaux

et al., 2014a). Goffin et al. (2014) showed that the upper firseBnueters of a forest soil profile

contribute substantially to the total surface ,Ciix. However, to our knowledge, a vertical

partitioning has not been evaluated in agro-ecosystems or inmsysiih contrasting soil physical

and/or chemical properties.

In this study, we aim to elucidate the role of physical @isiton soil-atmosphere G@luxes and its

variation with soil depth. To that aim, we present a comparainalysis between two contrasting soil

profiles along an eroded and cultivated hillslope. The objectfdlis study are: (i) to quantify the

relative_contribution of soil surface and subsoil OC to, @Gxes through a vertical partitioning of

these fluxes; and (ii) to identify the role of soil physipebperties using time-series of soil moisture

measurements and gas diffusivity at different depths. Thetsélstudy site is characterized by two

contrasting soils in terms of soil hydrological regimes and structure.
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2. Material and methods

2.1. Study site description

The study was carried out in the Belgian loam belt along a atétivhillslope of 150 meters length
(50.6669°N, 4.6331° W). The site has a maritime temperate climate, an average annual

temperature of 9.7°C and an average annual precipitation of 805 harslope percentage in the

backslope area ranges between 8.5 and 16%, with a mean slope of 128ap€hgercentage in the

convex shoulder area ranges between 4 to 8.5%, with an average Tfié&%eldiswasplowed (0-30

cm soil surface layer) every year. Each year, manure anderapplicatiorfertilization awere also

carried out. Theurrentpreviouscrop rotationiwas winter wheat, maize and spring whéldie study

site is-has beerdescribed irfurtherdetaib in Wiaux et al, (2014a,bFor this studyMWwe selected _ - - Mis en forme : Police :11 pt, Anglais
(Etats-Unis)
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2two measurement stations along the hillslope: one at the sumchibrae at the footslope position.
The soil is a Dystrid.uvisol type at the summit and a Collu\Regosolin the depositional area at the
footslope (Wiaux et al., 2014a,b). The soil properties of these two soleprbfive been characterized
by Wiaux et al. (2014a,b): soil total OC, laljleelOC and porosity profiles are illustrated-in Fig.

1 and 2, respectively.

We measuredrhe-the total porosity (8)-was—measuredn the laboratory by weigmg 100 cnf

undisturbed soil cores both at saturation and after oven drying at HiBR@&-for 48h. Fhe-We

deducd @ was-then-dedueeflom the mass of water needed to fill sample pcFésWe calculated

the air-filled porosity (€) was-caleutatedhs the difference betweesh and volumetric water content

(VWC). We calculatedAverageaverageand standard deviation valuesre-caledlateabn triplicate

samples for each depth.

We characterizeé&eil-soil water retention (SWR) curvesere—characterizedsing undisturbed soil
cores at 10, 25, 35, 50, 70 and 95 cm depth, with 3 replicates at eachWepibtained the;ooand b

parametersvere-ebtained-by-fittingf the Campbell (19743WR modelby fitting the modebf SWR

eurveto the SWR observations (Moldrup et al. 2000).

2.2. Monitoring of soil COz, water and temperature

We measured soil C&oncentrationgy-means-of-specifidly-desigredsing purpose-builsoil CQ,

probes. The C@sensor in the probe is based on the CARBOCAP® Single-Beatn\Viaxelength
non-dispersive infra-red (NDIR) technology (GMM221, Vaisalapco Vantaa, Finland).The

Aanalytical precision is 1.5% of the measurement range added tof 2B& @bserved valuelhe

PTFE (polytetrafluoroethylene) membrane, enabling gas exchangepratettion against water

infiltration. Since the GMM221 sensors were not designed forsegtconditions, the sensors were

encapsulated into an additional perforated PVC tube, providing an addiroitection against water
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tubing method is an adaptation of the technique presented by Yoahg2009).We insertedFhese
thesetubeswere-insertedvertically into the soil, afteaugeringereating bordnoles with a diameter that

equals the diameter of the PVC tubg&bis allewechpproach avoids the neetb aetbackfill the

augerindpore hole, whichwill weuld-havedisturb the soil structure and diffusion pesspertiesTwo

rubber stoppers, one at 155 mm from the tube head, and another at tighepgube, prevented

atmospheric air from penetrating into the gas sampling volueteolBum jelly on these two rubber

stoppers ensured a perfect air- and water-tightaesisthis—wasve verified this under {tested—in

laboratory conditions before using the prob&¥e used aAnylon membranavas-usedo avoid soil

particles entering the perforated tube and to limit further water infiliratio

We monitored—Soil temperaturewas—monitoredusing a thermistor probe (Therm107, Campbell

Scientific Lt., UK). Analytical precision is 0.4°GANe monitored s&l volumetric water content

(VWC) was-meoniteredising Time Domain Reflectrometry (TDR) prob®¢e usedlTopp’s equation

(Topp et al., 1980was—usedto determine VWE from the measuredapparent dielectric constant

measuredby-—TFBR-probes We used-The parameters of the Topp’s equatieere-thosas identified

by Beff et al. (2013)Fheyn this studyiatter studycalibratedthe Topp’s equatiorwas calibratedor

an _experimental field in the close vicinity of ofigldstudy site using the method of Heimovaara

(1993) and following the protocol described by Garré et al. (2008 recorded-Myater, temperature

and CQ concentration profiles measuremewererecordedvith an automatic data logger (CR1000,

Campbell Scientific Lt., UK), connected to a multiplexer (AM16/32mpbell Scientific, Campbell

Scientific Lt., UK).

In_order Fto obtain an equilibrated soil environment around #sd8—concentratiosoil VWC

the probesinstallation_ We coveredFhe-the measurement plotsvere—coveredwith a synthetic
permeable geotextile during the complete measurement pgfigd4) This avoided vegetation

growth and any autotrophic contribution to the soil respiration.



941

942

943

944

945

946

947

948

949

950

951

952

953

954

955

956

957

958

959

960

961

962

963

964

965

966

The sampling design is depicted in Fig.A4.each of the 2 slope positions, we measured soil VWC

and CQ concentrations profiles with 3 replicates on each measuatetepth (Fig. 4)FerseilWe

collected 18VWC profiles (6 soil depths, 3 replicatespt each of the 2 slope positignt8

measurements-were collected {6-soil- depths—3replic&amipling-depthsfiWe measuredVWC

weraat a depth ofi0, 25, 35, 50, 70 and 95 depths(Fig. 4).FertWe measuredemperatureat4 soil

depths (10, 25, 45, 85 cm) without replicateere—measuredFig. 4). We measuredCO,

concentrationprefileswere-characterized-by a depth of4 measurementspoinfs10, 25, 45 and 85

As-a-reference-We alsoperformed surface Cluxes measurements with an infra-red gas analyzer

(IRGA) linked to a survey chamber at 16 dates (profile and sugampling timedatamatchedin
time,-with-a—maximum-timdapsedifferenceof-was within a30 minutestime intervalbetween-each
othed). Note thal
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depth.

We recordeddedrly-hourly time-seriesmeasurementef VWC, temperature and GQ@oncentration

along-seil-profils were-performedecordedn2012from 12 May to 13 Decemb@012 and from 14
May to 22 November 2013 at the footslope position @irtie-footslope-anfiiom the 2"of Juneuntil

to the 13 DecembeR012 and fromthe 14 June to 22 November 20d4t3he-summif-and-idn-2013

November 2013 at-the two-statiamshe summit positianin 2012, important parts osemeCO,
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measurements werst-always-possible-duet recorded as a result-@f sensors failures arfa the

use of arunsuitabldnitial measurement range of some sentseg-abeve)

To increase the guality of the soil concentration data-en&s, we removed observations where the

battery voltage was lower than 11.5 V. We also corrected soililepr@O, concentrations

measurements for temperature variations using the empiricallfisrdescribed by Tang et al. (2003).

This allowed removing the impact of temperature on the @@ding of the C@probe, since the

CARBOCAP® technology is temperature dependent. The probe manufgdtaigala corp., Vantaa,

Finland) provided probe specific parameters values for the correctionlés.

We averaged triplicate VWC and g©@oncentrations data, providing an average value for each soil

depth and slope position. Note that averaging strateqgy alloasctaunt for the spatial variability of

VWC and CQ concentrations (Maier and Schack-Kirchner, 2014), by extendingné@surement

footprint to an area of c. 5

We calculated soil temperature and VWC profiles using a lingarpolation between the depth

specific values within the profile. We kept the values constant betlveesatpling point at the top of

the profile and the soil surface. We calculated the €&@centrations profiles by fitting Eg. 2 to the

observations. We evaluated the performance of thisfitting égns of the regression coefficienfYR

When the R values were lower than a threshold value of 95%, we consitleze@Qconcentration

profile as unreliable and we did not retain the resultingflt&®es in final analysis.

2.3. Calculation of the CO: fluxes

We calculatedrhethe CQ flux of €O, was-ealeutatedising Fick’s first law of diffusion according to

the gradient method (Eqg. 1, e.g. Maier and Schack-Kirchner, 2014)

aco
Feo, = _Ds# . (Eq. 1)



1016

1017

1018

1019

1020

1021

1022

1023

1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

1036

1037

1038

WheravhereF,, is the soil CQflux [umol mi* s*], Ds the diffusivity of CQ in soil [nf "], CO; the

soil CO, concentration [pmol i, and% the vertical soil C@gradient.

In order to calculate the vertical soil ¢@radient, we used a double sigmoidal equation (Eq. 2), which

allows accounting for some curve concavity variatigigiaux-et-al—2014-¢ Maier and-Schaek - { Commentaire [Kv2]: Keep the second
ref to Maier ?

C0,(z) = 0.04 + 4 ((1+e1—1’12) + (1+e—1’12(z—d)) B (% + eﬂ'zl—dﬂ)) — (Ra.2)

wherez is the soil depth [cm], d is the soil depth [cm] at which the sharpnetteafurve changes due

to a diffusion barriery,and, [cm™] are fitted parameters which characterize the sharpnethe of

curve, respectively above and below the soil depth dAd@4] is a reference value used to defthe

fitted asymptotic value of the G@oncentration at infinite deptfithe We fitting-fitted theparameters

region-reflective optimizatioalgorithm in Matlab ©. The derivative dfis-function(Eq. 2 provided

the CO2 gradient-a(%),usedin Eqg. 1.

The diffusivity of CQ in soil,_ {defiredadD i (Eq. 1) is a function of the diffusivity of GOn free
air (varying with temperature T and pressure, e.g. Davidsah, 2006) and of the gas tortuosity

factor €) (Eq. 3=):

_ _s (T+273\175
D, = 1471075 (125) (Eq. 3)
Wherewhere& depends on soil physical and hydrological properifés. used thg Moldrugt al. __ - 4 Mis en forme : Police :11 pt, Anglais }
(Etats-Unis)

al., 2006; Goffin et al., 2014 M iaux—etal—2014-¢); We verifiedthat thisdiffusion-modelwas ,,/Tv!is en forme : Police :11 pt, Anglais
(Etats-Unis)
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§= (2e100° + 0.04e100) (=) . )

|
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Wherewheret is the gas tortuosity factas,[m® m?] is the soil air-filled porosity, B] is the slope of {M,s en forme : Anglais (Etats-Unis)

)

the Campbell (1974) soil water retention curve mdmtiveen -100 and -500 cmy®l water suction,

and &, [m® m?|_is the soil air-filled porosity at a soil water potential of -100H®.

CO; fluxes, as assessed by the gradient based method, were edl@iaan hourly time-scale, and

then integrated on a daily basis. Temperature, VWC, diffusanty CQ concentration values were

also averaged on a daily basis.

In contrast to other studies (e.g. Pingintha et al., 2010; Turcu €085b),we did not aggregatie

soikEQ, diffusivity_coefficientwas-retaggregatddr the entire soil profile or for an entire soil layer

We considered thebut-itsvertical distributionwasexplicitly, and integratedaccounted-forfo-this

end,Eq. 4-was-insertedn the finite difference numerical solution -efrte-Eq. 1 In this numerical

integration, we-and-Eg—1-wathennumericatyused-evaluated-using depth increment of 0.1camd

by-eonstrainingconstrainedthe surface C@concentrations with atmospheric_g@vels (i.e. 400 [Mis en forme : Police :Times New
\\\ Roman, 11 pt

Mis en forme : Police :Times New
Roman, 11 pt

Mis en forme : Police :Times New
Roman, 11 pt, Indice

\\\
\\\
\\\

We calibrated the diffusion model by adjusting the parametéated to the gas diffusion coefficient''' | Roman, 11 pt

\
'

\'1 | Mis en forme : Police :Times New
(i.e. band g;4¢) such that calculated fluxes fit punctual Cfuxes observations at 16 dates spread\ Roman, 11 pt, Indice

Mis en forme : Police :Times New

along the measurement period. We obtained these observationsabg of a portable infra-red gas Roman, 11 pt

Mis en forme : Police :(Par défaut)

analyzer with an automated closed dynamic chamber (LI-8100Ansy4teCOR, United-States), Times New Roman, 11 pt
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following Davidson et al. (2002). The sampling design of these sudhaenber CQ fluxes

 __J o A o o A

measurements on the same study site has been described inétVaux2014 b). Comparing the

gradient-based C(fluxes with directly measured IRGA G@luxes, we obtained a good prediction

with a R of 92% for all soil types together. This ensures the consistéamy conseguently the
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precision) of the calculated fluxes. The slope of the fit i.e5 and 1.22, respectively in 2012 and

2013) was used to correct the calculated fluxes and to ensure accuracy.
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2.54. Vertical partitioning of CO; fluxes

We partitionedFhethe spacecontinuous Cfluxesprofiles obtained usingq.2were-partitionednto

10 slides of 10 centimeters along the soil profile. For eadhskde, we calculated the difference
betweerthe top and bottom fluxedVe -divided Fhisthis differencewas-then-dividedby the total CQ

flux (e.g. the value at the soil surface). This provides theive contribution in terms of both GO

Mis en forme : Police :11 pt, Anglais
(Etats-Unis)

J

and Schack-Kirchner, 2014).

In order to allow an easy representation of the temporal dgnafrthis vertical partitioningwe

averagedvalueswere-averageodn a semi-seasonal time-scale. Standard deviation values réflect

variability in-overtime during each semi-season.
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{i-e—b-and-egpr-are specified for each soil material. The initial concermtnatif the labile and stable

OC pools were specified for each soil material, as presented in Wialx2014a).

additionally-inverted-the-Bzparameters related to the gas diffusion.



1186 3. Results

1187  3.1. Spatio-temporal analysis of measured soil variables

1188 | Fig. 5 shows the spatio-temporal variation of soil temperatarel moistureand-gas—diffusionand

1189 | while Fig. 6 shows the spatio-temporal variation of ,C@uxes, concentrations andand J/f"[Misenforme:Police:llpt,Indice ]

1190 | diffusiontluxes All these values correspond to in-situ measurements darfhghonthperiod ef-c-6

1191 | menthsin 2013. Similar measurements have been carried out in 2012 and disply spatio-

1192  temporal trends (data not shown).

1193 | Fhe-During the observation period, tls®il temperature (Fig.%) deesdid not significantly differ

1194 | between the summit and the footslopegeptalthough higher temperatures were observed at the

1195 | summit profile for some shorter periodaring-July(e.g.day of year 180 to 22Qvhere temperatures

1196 | arearec.approximatelye-2 to 3degreesC highehigheratthe-summit-while-they-follow-exacthy-the

1197 | same-temporal-dynan)icThe surfacemean dailysurfacetemperaturesrary-rangeat-aleng-the-seoil

1198 | profilesfronbetweend°C to 28°C at the summit, ariebm-betweend°C t02825°C at the footslope

1199 | {fertheperiod-of-measurements)

1200 | The space-time dynamics dfie soil volumetric water content (VWC, FigB) differ completely

1201 | substantiallybetween the summit and the footslgpefiles At the footslopethe observedoil VWC

1202 | valdesat different soil depthsemained-insidearied ina narrowintervatrange(0.36 t00.3%%)- cnfi - [ Mis en forme : Police :11 pt, Exposant]

1203 | cnp’)-al-along-the-soil-profile-during-the-considered-periodcontrast i-soil VWCat - [ Mis en forme : Police :11 pt, Exposant ]

1204 | the summitvariesd frem-between0.23 t00.34%- cnt cm® in-for the plow layer (0-30cm depth) and

77777 Exposant/ Indice

1205 | then-inereases—by—an—abseolute—valueddbtehigher values approcimately0.5 cm cm®) were - {Mis en forme : Police :11 pt, Non }

1206 | observedd-5%—em—em —(respectivelyinfor the rest of the soil profile-The soil at the summit

1207 | positionis-wasthe wettest during the early spring and the late autumn and driestsanttmer. At the
1208 | footslope soil VWC reachesreachedthe saturation level in the early summer after an important
1209 | rainfall event and then slowlgecreaseglecreaseduntil the early autumn andeachesreached

1210 | saturation again in the late autur@nilary
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Iaverseln contrastio the VWC, inthe-summerthe soil gas diffusivity (Fig. 6) reachegeachedts

maximum valuén the summeat the summit while iteaches-itstowest-valuas lowat the footslope.

Soil gas diffusivityis—ewas approximativelyl0 times lower at the footslopelative-than atte-the

summit.

The time—ceurse-660il CO,concentrations at both the summit and the footslepeeasegncreased

gradually from spring to late summerThereafter, concentrations dropped again aadd-then

decreases-tmach-itdowest valusinwere observed ithe late autumn.

f i | onl . ifusivity £ .
the-method-deseribed-in-Wiatxet-al(2014d)eseT he ealeulatedranges ofCO, fluxesvary-in-the
inglitained for thdootslope andhesummitprofiles were very

similar. However,their temporal distribution was differenthe peaksperiods characterized by high

summit-and-the footslopddeng-the-or all soil profiles, CQ fluxes decreaskwith depth and reaehl
null values at-capproximately30 cm depth at the summit andesipproximately e-15 cm depth at

the footslope.

3.2. Shape and variability of CO; concentrations and fluxes profiles

depth,rangingfrom the atmospheric value of 0.04¥4tiat the surface to concentrations which were

2two ordes of magnitude highesereentrationsit 100 cm depth (CQz) in Eq.2) (Fig. 6Bb). For the

measurement period of 6 months considered here c@ifeentration values at 100 cm dep#raevere
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3three to 4-four times higher at the footslope position than at the summitiposin 2013, these

values rangeffembetween0.86 to 3.46 % at the summit position drembetween3.68 to 9.12 % at

the footslope position.

TheseobservedCO, concentration profiles folload a double exponential trerfiig. 2) This particular

modelfitsfitters our observationguiterelatively well, with regression coefficients rangibetween 97

to 100%¢depending-on-the-date-and-on-the-slopeposilibiz-The second exponential cuniegins

startsapproximatelyat abeut50-em-deptiihe middle of the profileand isespeeialhyparticularly

pronounced at the footslope, reflecting a shifepproximativelye.nearly 4% CQ between 44 and

100 cm depth.

Standard deviations around averaged values of observed hourlgoBEentrations at each depth are

given in Table 1. Tise small-scale spatial variability guitelow and-remains+easonabiglative to

the mean values dfiplicatedCO, concentrationsthe only exceptiorbegirbeing the footslope at

excepted—a25 cm depthat-thefootslopewhere the maximum standard deviation exegethe

maximum mean value.

The CQ fluxes (Fig. 6A) were calculated based on both, G@ncentrations and diffusivity. For all

soil profiles, CQ fluxes decreased with depth and reached null values atm.8@pth at the summit

and at c. 15 cm depth at the footslope.

3.3. Vertical partitioning of CO, fluxes, ===

—
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~
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The distribution of the soil C{Hluxes in the profile is illustrated in Fig. 7. At the footslope90 toe-

95 % of the surface Cluxesis-wasgenerated in th&o-first 10ten centimeters of the soil profile.

The soil layer between 10 and 20 cm contriddte only 5 to 10 %depending-of-theperio@nd the
deeper layersiot-did not significantly contribute to the surface fluxes. At the sumthi relative
contribution of the different soil layeisswasmore dynamic in time, with a contribution of théfirst

1oten centimeters of the soil profile ranging fram80 % at the late spring, decreasingt60 % in
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the early summer, and reachiagd0 % from late summer to the late autumn. At the summit3¢he
first 30 centimeters of the soil profile significantly contribdte surface fluxes. This contribution
deereaseglecreasedvith depth in the late spring and the early summer, but is homogeyeousl
distributed with depth for the rest of the time. At the sutmsoil layers deeper than 30 cm depth
sometimes contributkfor up to 20% of the total flux, especially in the autumnwgen 40 to 50 cm

depth, and 80 to 90 cm depth, some negative contribution (i.e.up@ke) up to -20% is also

observed.
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4. Discussion

4.1. Soil physical control on CO; emissions

The observeddifferences ef-then the temporal dynami of surface soil CQfluxes betweerthe
footslope and summipesitionsoil profiles (as-ustrated-iFig. 6A;) indicates that thdimiting
controlling factorsen-flux-emissienare not the samall-along-the-hillslopeAt the summit, on one
hand, the dynamic of surface soil €luxes(Fig. 6A) clearly follows the temperature variations (Fig.

5A, maximum during the summer). At the footslope, on the other handptieeesoil surfaceCO,

fluxes{Fig—6) areremaiwassmalleven when temperature incressandisremained relatively small

the-lowerduring-thehroughout thesummer period (Fig. 6A). Thizaris most likely relatedhe-dueto

the partiewtarywery high VWC values observed at the footslope (Fig. ¥Bawingas it is well known

proximity-ofdifferencetbetween e VWC fremandthe water saturation level tie soil pore spaces.

thdeedwWWhile the VWCat the footslopghe- VW Cremairsed high durirgthroughoutl-the year, we

observe herethat thesoil surfacese-CO, flux dramatically increasd when the gas diffusivity

exceesed a threshold value cipproximativelg. 0.1 cnf d* (i.e. from day 255 to 305 of year 2013,

Fig. 6A). Hencerwe argue thathe-specific-dynamic-dhe CQ emissionsFhis-at thisthe footslope

profile {ecompared-to-the summitarerelated to the fact that a higkaterfilled-pore-spad8NC both:

(i) strongly limits the transfer of biotic G@long the soil profile, and (ii) reduces the production of
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emissions at the footslopprofile relative to the summitare due to gas diffusion limitations (even

indirectly in the case of oxygen lacklhis is in sharp contrast tecgntrarytoethe summitprofile

where gas can easily diffusiering-althroughoutthe year and along the entire soil profile (Fig. 6C).

In the period precedingpisthe important CQ emissios (i.e. from day 255 to 305 of year 2013, Fig.

6A), the soil CQ cannot move along the soil profile and accumulates withirpsods. This results in

a CG concentration increase both in the early and the late syrespecially belove: 50 cm depth
(Fig. 56). This phenomenon is particularly evident below the compactedhgeil betweere—-40 cm
and e-50 cm depthFhis-is—consistent-witBased onthe porosity profiledeseribed-by-Wiaux—et-al.
{2014c)andillustrated in Fig.21—, tFhis alse—corroborates-the resultsof Wiaux—etak—{2014 ¢),
suggestinguggestshatin-dewnstopéor our footlslope soil profile , which is@olluvic Regosols, gas

diffusion barriers{explained-by—a—compacted-seoil-layestjongly impact the COconcentration
profile, and hence the temporal dynasni€ resuttingsoil surfaceCO, fluxesatthe-seil-surfaceThis

suppertds in agreement withecent studies (e.g. Ball, 2013) that skdwhat soil pore continuity and

size are key to understand the mechanisms regulating the soil gases emissions.

As a consequence, the significantly higher,€@ncentratios observeat the footslopeelative-to-the
summit especiallyin-for deer soil layers,is-are_probablynot explainedrelatedby-to the large
amount ofseil-labile OC aleng-thefostslepe-seilprofilthat was found at this positigigshown in

Wiaux et al., 2014,b) butis-more likelytheresultet-therom the accumulatiornf CO2 aleng-time

{during periodstee-with a verylow diffusivity-periods) Maier et al. (2011) showed that the Lflux

can deviate from the instantaneous soil respiration due iGtG@ge into soil pore spaces. Henee,
suggest that at the footslommil physicalariablespropertiesare dominatingthe dominantcontrol of

on surface CQ fluxes-at-the-footslopeThis supports the conceptual-improvement of the SOIL-CO2
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In summary, we highlight that the mechanistnat which-govern soil surface COemissionsare

highly variable in both space and tiwaey-througheut-thelandseap®n a well-drained soil at the

summitof a hillslope the observed soil CQemissionsareweredirectly related tadhe-soil microbial

respiration andCQO, production th

(demonstrated in Wiaux et al., 2014blowever,on-a-wetat thefootslopeof the hillslope, which is

characterized by a different hydrological regime observedhat thetemporal dynamic of soil CO

emissionsmuch—mere—reflectsere more closely related the-physical transfer mechanisms: long

periods of CQ@ production and accumulation alternate with periods of imporelatse at the soil

surface.

4.2. Soil organic carbon storage in downslope deposits

The Ssoil respiration rate can be interpreted as an indicator bfOipersistence (e.g. Gregorich et
al., 1994). However, a further analysis of what occurs along th@mdile is needed to thoroughly
answer the question of the persistence of OC. The verticaligrang of the soil CQ fluxes, as

illustrated in Fig. 7, shows thaluring the observation period;-90 toe-95 % of the surface GO

fluxes eriginatesoriginatedfrom the 10-first 16ten centimeters of the soil profile at the footslope.
Given the important amount of OC until up to 100 cm depth in our Hitely(Fig. 1,Wiaux et al.,
2014 a), this observation is not in agreement with the study ofrGatffal. (2014)whe-whichwho
suggested that the relative contribution dfe-a soil layes to the surface Cfluxes is related to OC

distribution along the soil profilddowever,~Mivhile similarities exist in the physical controls and the
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method used to calculate the vertical partitioning sémitystudyof Goffin et al. (2014) reports on GO _ - A

In addition, Fthis-highethe substantiatontribution of the upper soil layeisund hereseems-to-heas ‘

neithernot related to higher temperaturesides-(Fig. 5A), contrary to what was suggested by
Takahashi et al. (2004). According to the ncentration and diffusivity profiles (FigCh the
relative contribution of the soil layers to the surface,@Oxes is more likely governed by soil
physical controls (Ball, 2013) rather than by biological productionritipg on thermal energy and
OC substrate. Here, soil gas diffusivity strongly decreases from 10 to 4(Qotim(dbere diffusivity is

null) at the two slope positions, and the profile of,@0ncentration displays no gradient between 10

and 40 cm depttspecificallyparticularlyat the footslope (Fig./).

Here, we show that despitbe fact that thdootslope profiles generatesreraltCO, fluxes which

exceed those observed at the summit position (demonstrated i Wiaal., 2014b)the low

contribution of soil layersleeperbelow than-10 cm depthinis very lewsmall (Fig. 7). ta—other

words—tThe surfaeing—selOC in the top layer of the soil profiléep—seitayeri.e~<0-10 cm)

contribution—Contributed fore. appreximativelg. 9099 of the-surfacing—seil-OC-tthe total CQ

fluxesat the footslope position (Fig. 7). This can be explained by @mwiental conditions specific to

this 0-10 cm layer playing in favor of both microbial respirationl gas diffusionndeed, There are

no elese-to-the-soil-surfadimitations related tdoth diffusion barriers anénitationof-theaccess to

the oxygen disappeatose to the soil surfacélence, the onlyesidualimpact of soil VWC on soil

respiration is its positive effeeie-to-the-inereasad it provides a more eaagces®f-for soil micro-

organisms to their OC substrate, and to the enhancement ofnik&bolic activities by water
(Akinremi et al., 1999; Castellano et al., 2011; Herbst et al., 2008; tdoamd Howard, 1993;
Siminek and Suarez, 1993). The combination of this high amount and high gfiaii} OC (Fig. 1,
as described by Wiaux et al., 2014a) with this net positive tefflesoil VWC results in a strong

increase of microbial respiration rates.
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Finally, Oour results suggest that buried soil OC in colluvial depositstised—for—a—long

timeeffectively protected from mineralizatidvelow 10 cm depth, which corroborates the assumption

of a long-term stabilization ateeplyburied OC indewnslepecolluvivmsal soils assuggested in the

literature €.9.Doetterl et al., 2012; Berhe et al., 2008, 201B&xkce,-despite-thaleep-soi-OCH{e.g.
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5. Conclusion

In this study, we evaluated the factors controlling soil carboridédiuxes for two soil profiles along

a hillslope characterized by contrasting physical and chenfieaicteristicsAt the summit position

of the studied hillslope, the time course of surface soij MBes elealyfollowsthe-time—course
ofwas strongly related to sdémperaturdFig:-5-6;and-maximumCO2 fluxes were observeturing
the summex At-this-pesition-of-the-hillslogdere the observed soil COemissions are directly related
to the-CQ production-througisoil micro-organisms respiratiaand associated biotic G@roduction

In contrast, theAt-the-footslope(contrary-to-the-summithigher levels of water filled pore space

observed at the footslope profiledisablesstrongly limised the transfer of biotic COalerg

throughoutthe soil profile; andHere, the soil surfacesei-CO, flux substantiallyinereasesncreased

for limited amounts of timevhen the gas diffusivityexceedsexceededa given-threshold valge.

Henece—on-avetfootslopeds a resultthe time course of observed soil £€missiongs-wereasto a

large extentore-determinazbntrolledexplainedoy thephysical transfer mechanisms: long periods of

The vertical partitioning of the soil GOluxesfor the footslope profileshowsshowedthat during

the observation period:—90 toe-95 % of the surface Clluxes originatds from the 26-first 10

centimeters of the soil profilet-the-foetslopeHowever-the-total-annual-flaweraged-along-3-years
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include soil physical properties and their dynamics directtp soil OC modelsFhis—is—hot-h
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Tables

Table 1. Range of standard deviation and averagediues of triplicated measured hourly CQ concentrations at each- . - {Mis en forme : Police :9 pt, Indice

depth, both at the summit and at the footslope pason. This range is indicated by minimum (Min) and maximum

(Max) values encountered along time (hourly time s&s) during the 6 months measurement period.

Summit position

Footslope position

S.D.[%] S.D.[%]

Soil Min Max

depth mean mean

[cm] % [%]
10 0.07 1.39
25 0.06 1.83
45 NI NI
95 0.15 2.83

o]

o
o

Min Max Min
m;)a” m;)a” S.D.[%] S.D.[%]
0.26 4.75 0.00

48 7.52 0.00

) ‘[ Mis en forme : Légende

D ‘[Tableau mis en forme

VW

2012
Summit

64
Footslope

82

Temperaturet CO fluxdt
2013 2012
100 63
100 81

T
T
1
1
PR
10 pt, Interligne : Multiple 1,15 li

T
- 7‘[
#a{\\\[

Mis en forme : Justifié, Espace Apres :
10 pt, Interligne : Multiple 1,15 li

Mis en forme : Justifié, Espace Apres :
10 pt, Interligne : Multiple 1,15 li

Mis en forme : Justifié, Espace Apres :
10 pt, Interligne : Multiple 1,15 [i

is en forme : Justifié, Espace Apres :

M
10 pt, Interligne : Multiple 1,15 li
M

is en forme : Justifié, Espace Apres :

Mis en forme : Justifié, Espace Apres :
10 pt, Interligne : Multiple 1,15 [i

Mis en forme : Justifié, Espace Apres :
10 pt, Interligne : Multiple 1,15 [i

Mis en forme : Espace Apres : 10 pt,
Interligne : Multiple 1,15 li
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Fig. 2. Soil porosity profiles at the footslope (@lin line) and at the summit (dashed line) positionsError bars indicate

1 standard deviation (r23). Continuous lines are linearly interpolated vales.
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1699 Fig. 3. Description of the probes used for CO2 coeatration measurements inside the soil.
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1701 Fig. 4. Schematic description of the experimental lpt (sampling design) at each slope position showgnhow
1702 temperature, VWC, CO, concentrations and CQ fluxes probes collocate with each others. Probesve been inserted
1703 at different locations both vertically and horizontally. Consequently, all of them are not in the sameplane (i.e. depth
1704 lines with axes labels on the right hand-side illusate the foreground profile and depth lines with xes labels on the
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Fig. 5. Space-time dynamic of soil temperature (Axnd moisture (B) at the summit (red) and the footslpe (black)

position in 2013: (a) time series at different defpis; (b) Profile at different dates.
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Fig. 6. Space-time dynamic of soil C@fluxes (A) concentrations (B) and diffusivity (C),at the summit (red) and the

footslope (black) position in 2013: (a) time serieat different depths; (b) Profile at different dates.
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1716 Fig. 7. Depth distribution of the relative contribution to soilsurface CQ fluxes in year 2013 averaged by semi-seasons
1717 (error bars represent the standard deviation of thetime aggregation for each soil layer): (a) at theummit, and (b) at

1718 the footslope position.




