Response to interactive comment, received and published 20 July 2019, on

“Global database and model on dissolved carbon in soil solution”, by

Langeveld, J., Bouwman, A. F., van Hoek, W. J., Vilmin, L., Beusen, A. H. W., Mogollén, J. M., and
Middelburg, J. J.

We thank the referee for his/her reaction and constructive feedback, which will lead to considerable
improvements of our paper. Below, we repeat the text of the referee in italics, followed by our
response (in normal font). Proposed revisions and corrections of the manuscript are in bold.

Consistent with the review, we first address the major comments (in which many of the other
comments are summarized) and subsequently address the minor comments. We numbered the
comments for clarification.

Major comments:

1. The main problems that | see with this manuscript are as follows: Authors constructed a model
based on oversimplified parameters which are not fully representative of the processes that are
controlling soil DOC.

Thank you very much for your comment, which we feel summarizes many of the comments given
further below. This comment is actually related to three issues which will be discussed consecutively:
(i) general aspects of global-scale modelling; (ii) representativeness of our database; (iii) scale
problems of the data.

Firstly, our aim is to develop a model that accounts for the spatial variability of the main controls
of DOC in soils on the global scale using landscapes as a basis, not site-specific. We concentrate
on DOC concentrations aggregated to annual timescales. A general aspect is that on such
temporal scales integrated C cycle fluxes may be strongly related to ““average’ biophysical
conditions like in many other large-scale models such as Century and LPJ. This makes empirical
relationships between DOC concentrations and environmental conditions useful for bridging the
gap between site and landscape scales. The model we developed is not perfect, but it is the first
of its kind at the global scale. It uses “ average” conditions because in the various studies DOC
concentrations differ within climate zones (Litaor, 1988; Tipping et al., 1999), land use types
(Aber et al., 1989; Currie and Aber, 1997; Fernandez-Sanjurjo, Vega and Garcia-Rodeja, 1997;
Chantigny, 2003) and soil classes (Easthouse et al., 1992; Tipping et al., 1999; Johnson et al.,
2006; Don and Schulze, 2008; Harrison et al., 2008). In that respect our model is consistent with
other global models that use biome type as a basis for modelling global soil respiration (Raich
and Schlesinger, 1992) or climatic life zones for estimating global soil organic carbon pools (Post
et al., 1982).

A prerequisite for using empirical relationships to calculate DOC concentrations is to have data
which sufficiently cover the heterogeneity of environmental conditions occurring in natural and
agricultural landscapes. Because at this scale “average” biophysical conditions are more useful,
the parameters we use in our final model are not directly representative of the processes
controlling soil DOC. In our study, we considered many of the parameters the reviewer
mentioned and included those in the database when available in the literature. A problem we
encountered in the database analysis, when building the (topsoil) model, is that many
parameters are only reported for a limited part of the data entries, which we describe in the
chapter ‘General aspects and data analysis’ on page 5, line 16-21:

“The distribution of data on potential drivers of DOC concentrations is unbalanced; the
choice of factors included in sampling studies varies (Table 2). This is a problem earlier recognized
on a smaller scale (Kalbitz et al., 2000; Evans, Monteith and Cooper, 2005). As a result of these



data gaps, for many factors, analysis is only possible on a limited part of the DOC concentration
data. Moreover, including a few factors strongly reduces the amount of data involved (e.g. for
topsoils, including pH, SOC and CN cuts the amount of data from 255 to 40), thereby impeding
analysis at a global scale. Indeed, significant relations can be found for sub-sets of the data.”

For example, for data exclusively from Spodosols (analysis including all soil types gave no
significant results), a (relatively weak) relation can be found for C/ N ratio vs. DOC concentrations
(Figure 1). However, a model like this would only depend on a limited amount of data and is only
valid for this soil type, based on data almost exclusively found in temperate forests. Such a model

does not fit with the objective of our study.
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'Figure 1: Single regression of C/N ratio vs DOC concentrations from the database, for only data from the Spodosol soil class.

n=18, from polar(1), continental (2) and temperate zones (16). One high leverage point outlier was excluded. Lab incubation
and B-horizon data were excluded, similar to the analysis in the article. Data cover mainly forests.

We want to emphasise that the aim of our study is to constrain DOC concentrations on a
global scale, not to construct a model to estimate concentrations or fluxes in or throughout a limited
region, biome, ecosystem or group of point sources. Therefore, we can only include parameters or
model factors that are available on global scale, i.e. for all (or at least a large part) of the data in the
database. This was not the case for many of the potential drivers reported in the literature.

Scale issues. We agree with the reviewer that, in absence of suitable data for many entries, as an
alternative soil property data like SOC can be extracted from global grids such as the HWSD.
Thanks to the reviewer we noticed that our text was not clear enough that we also used global
HWSD soil data extracted from grids in various ways in our regression analysis. To clarify; we
extracted 19 different parameters from ISRIC soil data from the HWSD (Batjes, 2015, 2016) for
the corresponding grid cell coordinates of every database site. We included these 30 second-
resolution data, as well as different types of aggregations to 30 minutes, in the topsoil analysis.
However, the correlations for a (simple) single regression of every extracted soil parameter vs
DOC where poor. In the combined forward/backward multiple-linear regression analysis the
algorithm didn’t select any of the extracted variables, as the added value to the model was too
low. Instead, the algorithm selected the factors that are currently in the model we presented in
the manuscript.

In conclusion: In our revision we will add a general discussion of global-scale modelling, use

of average conditions and representativeness of data, and better describe how we used and tested
global grid-based data to extract data for our regression analysis.

2. Additionally, they did not use a proper climate data period.



We believe the reviewer refers to the use of data extracted from grid for precipitation and
temperature. For the database entries, as an alternative to the limited data reported in literature, we
used data from the climate database of the IMAGE model (Stehfest et al., 2014), which involves the
CRU climate data. Though we included the correct climate data period we noticed, thanks to the
reviewer, that we used an outdated reference for these climate data, which we will correct by
replacing (New, Hulme and Jones, 1997) by (Harris et al., 2013).

In addition we want to emphasize we aimed to constrain and model DOC concentrations on a
global scale. We therefore developed the model based on forward/backward multiple-linear
regression algorithms. The resulting model was then applied on calculating a global distribution of
annual average DOC concentrations. The period 1970-2000 was used as example. Naturally, for
calculating DOC concentrations for the year 1970 we used climate data representative for 1970, and
correspondingly for the other years. We believe this to be the appropriate method.

3. The bright side of this work was the time that authors spent on collecting the measurements from
various studies, although most of them were already reported by Camino-Serrano et al. (2014).

Thank you for the recognition of the effort we made. We believe our database is novel compared to
the one of Camino-Serrano (2014), which, though impressive, is not publicly available. Comparing
both datasets, the studies analysed in the 1% part of the study by Camino-Serrano (2014) mainly
cover locations in Europe, as can be viewed in Figure S1 of their supplementary information (Camino-
Serrano et al., 2014). More important, the majority of the measurements used there are from the
International Cooperative Programme on Assessment and Monitoring of Air Pollution Effects on
Forests (ICP Forests) (Nieminen et al., 2016), as Camino-Serrano (2014) show in their Table 1. We,
however, on purpose did not include data from ICP Forests in our database, as these data are not
publicly available; availability and accessibility were a prerequisite for inclusion of a study in our
database. Further, we aimed to constrain and model DOC concentrations on a global scale, where
Camino-Serrano (2014) in the 2™ part of their study built models describing DOC concentrations in
European broadleaved and coniferous forests. We therefore believe both studies complement each
other.

4. Following some major comments:

1) | search the author’s name and paper name on PANGAEA.de and | could not find any database or
model codes. It will be useful if the authors provide a direct link to such data. However, | extracted the
model results from the provided netcdf file attached to this manuscript. First of all, the time dimension
in the model output has 7 layers which seem almost identical to me. What are those 7 layers and why
are they almost identical?. Secondly, the model output is for 1970 to 2000 while their database is not
in this time period. Thirdly, the model outputs are significantly lower than their reported database
and previous studies. | get average of 16.5 mg C L-1 (median:13.7) for the topsoil and average of 2.1
mg C L-1 (median: 0.9) at the subsoil layer. This shows the weakness of model in representing the
processes which are controlling the DOC concentration (mentioned above).

The Supplementary Information, including the database, will be submitted to PANGAEA when
submitting the final accepted article, so we can include the DOI in the article.

Responding to the reviewers first question, the 7 layers in the time dimension are the 7 five-
yearly grids for the period of 1970-2000. We will add to the SI readme that we present five-yearly
grids. The 7 layers are similar, as some of the model parameters only change slowly over time, e.g.
climate zones. Therefore we chose to present five-yearly grids. However, there are still significant
changes in the spatial distribution over time, in particular due to land use change. Therefore we
included the time-dimension in the netcdf.



In response to the reviewers second point: we refer to the answer to question 2, where we
addressed this already.

Responding to the reviewers third point: when calculating the average and median of all
cells, this would indeed be in the range of the values mentioned by the reviewer. However, the
calculation of these (topsoil) mean values then also includes the many grid cells with an area cover of
Aridisols (soil class), ice cover, rock cover, shifting sands, salt plains or hot deserts. For these areas,
we did not use the model but assume a fixed DOC concentration equal to that in precipitation, for
which we use 1.55 mg C/L, the median value from the overview by Aitkenhead-Peterson, McDowell
and Neff (2003). We explain this in footnote 2 of table of Table 3. We will add a sentence about this
in the text to emphasise this. Thus, when comparing the averages or medians of the netcdf grid data
with the model in the approach as described by the reviewer, the values do not correctly represent
the performance of the model. We will revise where necessary the presentation and discussion of
the model performance (e.g. in Figure 5, Figure 10, Table 3, Table 4 and the corresponding text).

5.

2) I noticed in your dataset there are many sites that you only have DOC flux reported. If you do not
want to analyse this flux, all those sites should be removed from your dataset. Keeping just sites with
observed DOC concentrations will leave only 550 measured points where plenty of them have same
sample ID. Hence the claim of having 762 entries and 351 sites is not really true for soil DOC. Also
94 points are non-yearly averaged, with at least 40 of them are only once measured. These data
should be removed from data analysis as they cannot be representative of a site. The future corrected
model should be run again excluding these points and all result should be corrected.

The database is not limited to annual average DOC concentrations. Apparently the manuscript was
not clear enough so we will improve the database description, for example in section 3.2.2.The
reviewer states that data on fluxes and non-yearly average concentrations should be excluded from
the data analysis and model construction. That is exactly what we did, so we need to improve the
description in our manuscript in that respect.

6.
3) I do not see any model vs measurements validation for subsoil.

Thank you. Indeed, we did not make a plot for the subsoil similar as done for the topsoil in Figure 7.
This however is due to the different approach for the subsoil, for which we present different models
for every USDA soil class (eq.2). Every single individual model of these models consists of a simple
regression function through the measurement data (relative to the topsoil concentration). See Figure
10 for the example for Spodosols. As there is only one independent variable in this model, namely
depth, the RMSE and R? already present the degree of model performance. Both are given in Table 4
for every single soil class model and discussed in section 3.2.2. We therefore believe that plotting the
several model vs measurements graphs would be redundant.

7.Comments/Question:
pl.115: 2.9 Pg C yr-1 is not the processed fraction but the terrestrial transported flux.

We currently describe the C flux component as “Global inland waters are estimated to process about
2.9 Pg C/y...”, which is in correspondence with Regnier et al (2013) stating that “The present-day bulk
Cinput (natural plus anthropogenic) to freshwaters was recently estimated at 2.7-2.9 Pg C yr~
”(Regnier et al., 2013, p. 2). We prefer the word ‘processed’ above ‘transport’, as with respect to C,



inland waters are to be viewed as active systems (Cole et al., 2007; Aufdenkampe et al., 2011) and
not ‘passive pipes’ (Cole et al., 2007, pp. 174, Figure 1a).

8. p1.118: For the most part, every fraction of terrestrial leached C is missed in previous studies, not
only groundwater leaching, leading to overestimation of sink capacity of land (Jackson, Banner, &
Jobbéagy, 2002; Janssens et al., 2003)

We agree with the reviewer and notice the current phrase could be interpreted as if we do not. We
will modify the sentence.

9. p2.12: Which fraction of DOC you are talking about? Leached or soil solution?

We mean DOC in soil solution and will add this in the manuscript.

10. p2.15-7: Needs reference.

In Table 1 we summarized the many possible drivers of DOC concentrations and the studies they are
reported in. In this table, we refer both to studies that did and those that did not identify a factor as
a main control. Though we refer to Table 1 one sentence later, we will also refer to Table 1 after this
sentence.

11. p2.18: Not correct. Kalbitz found strong or positive influence of pH and C:N on DOC
concentration and no trend/influence on C leaching flux
We acknowledge that ‘leaching’ in here might be interpreted as specifically the flux, where we mean

‘solution’. We will clarify this.

12. p2.111: concentration in soil or leaching flux? Moreover, soil DOC concentration changes within
depth regardless of transporting period due to organic matter availability within different soil column
(Jobbagy & Jackson, 2000).

We believe that ‘dissolved C in soil pore water’ in here is a clear definition, as in these sentences we
explain the boundaries of this study.
13. p3.17: remove “on”

We will address this during a careful edit for language and grammar.

14. p3.117: Which classification was used for your final modelling?

We used the alternative classification following Batjes (2015, 2016), as we state in the first sentence
of the topsoil database analysis. To make this more clear, we will therefore move this sentence to
the beginning of section 3.1, where we start the analysis of the database.



15. p3.123:What do you mean by SI11? give a right address to files in that folder

Slis the abbreviation for Supplementary Information. So, SI1 means number 1 of the SI. We wiill
explain the full term in the text. We have also given a clear description of all Supplementary
Information in the readme file in the SI.

16. p3.125: Subsoil DOC concentration cannot be calculated based on topsoil concentration using
only simplified “soil class-dependent decay coefficient”. The subsoil DOC concentration, similar to
top soil, is mainly controlled by total available SOC not soil class (Jobbagy & Jackson, 2000).

The aim of our study is to constrain DOC concentrations on a global scale, not to construct a model to
estimate concentrations or fluxes in or throughout a limited region, biome, ecosystem or group of
point sources. We totally acknowledge and agree that the parameters we use in our final model are
not fully representative of all the processes controlling soil DOC. We however believe our current
approach is valid for making a first estimate on the global scale. We explained this further in question
1.

17. p3.134: Provide the R script which was used for data analysis

We will add the scripts for the (multi-)regression analysis for both top- and subsoil.

18. p4.14: How many sites at the end were used for modelling at the end?

We addressed this in the respective chapters for topsoil (3.2) and subsoil (3.3), specifically in Figure 7
and Table 4. Still, we acknowledge we should also mention it in the text, so we will some text on
this.

19. p4.121: 40 collected samples would be enough for developing a process-based model.

The aim of our study is to constrain the dissolved C concentrations on a global scale, not to construct
a model to estimate concentrations or fluxes in or throughout a limited region, biome, ecosystem or
group of point sources. As we show in Table 1, the global cover of DIC concentration is limited. In a
following study we are currently working on, we will also include a model for DIC, using a different
approach.

20. p4.125: Explain why you exclude the Histosols

We currently explain this later in the text, but will also briefly explain it here.

21. p4.127: Explain the reason for the decreasing DOC concentration with depth, e.g. the top soil
concentration is controlled mainly by production, decomposition and leaching of DOC while subsoil
concentration is controlled mainly by advection, diffusion and leaching.

Thank you for the suggestion. We believe we do this already in the introduction, in particular in the

first two paragraphs on page 2. We will however also include ‘advection, diffusion and leaching’ in
the text there.



22. p5.115: The production of DOC and thus its concentration is controlled by factors such as
temperature, C:N ratio, vegetation cover, soil moisture and microbial decomposition. | do not see in
your model any of these factors directly applied.

The aim of our study is to constrain DOC concentrations on a global scale, not to construct a model to
estimate concentrations or fluxes in or throughout a limited region, biome, ecosystem or group of
point sources. We totally acknowledge and agree that the parameters we use in our final model are
not fully representative of all the processes controlling soil DOC. We however believe our current
approach is valid for making a first estimate on the global scale. We addressed this point in the
answer to question 1.

23. p5.120: Not true. You could use a global data product, for instance for SOC and pH for the points
where you do not have the reported values. You cannot omit these parameters when it comes to
representation of soil DOC

We believe it to be valid approach, as we did include global products in our analysis. We addressed
this point in the response to question 1.

24.p5.122: As | say, you cannot just ignore the soil properties which are directly controlling DOC
processes and flux when global products are available that could be used.

We totally acknowledge and agree that the parameters we use in our final model are not direct
controls of soil DOC which at this scale are related to “average” conditions (see response #1)

25. p5.124: soil class cannot solely represent all the physical and chemical characteristics of
conditions which influence the soil DOC concentration. You must include environmental parameters
such as soil moisture (DeLuca, 1992; Kalbitz, 2000; Lundquist, 1999; Michalzik, 2001), temperature
(Michalzik, 1999; Moore, 2008; Raymond, 2010), pH (Frdberg, 2011; Scheel, 2008), C:N and N effect
(Gbdde, 1996; Kindler et al., 2011) and soil texture (Davidson et al., 2006; Filip, 1971; Sollins,
Homann, & Caldwell, 1996; Stotzky, 1967; Vogel et al., 2015) to have a realistic representation of
DOC.

See our response #1.

26. p5.126: You can find HWSD product which reports SOC directly (Nachtergaele et al., 2010).

We used global products in our analysis. We addressed this point in the answer to question 1.

27. p5.126: No you cannot simply represent temperature and moisture condition by climate zones. You
have temperature in your data set. Why not use that as a model parameter? and use global products
for soil moisture and missing temperature data.

We totally acknowledge and agree that the parameters we use in our final model are not fully
representative of all the processes controlling soil DOC. We did include global products in our
analysis. Temperature was not selected by the algorithm in the combined forward/backward multi-
regression analysis. See response #1.



28. p5.130: What do you mean by testing? it is not explained in the method. However, you used a
dataset from 1961 to 1990 to represent a DOC concentration until year 2000? how did you fill the
data from 1990 to 2000?

We explain it in the sentence that follows on page 5 line 29-32. We agree the short sentence on
‘testing’ is not clear and will edit this. With regard to the second question; We did use the correct
dataset, but unfortunately the incorrect reference. We will correct this, as we explained in the
answer to question 2.

29. p6.12: As SOC is the main source of soil DOC, all these patterns could be simply explained by
SOC distribution in different biomes studied by Jobbagy and Jackson (2000).

We included SOC in the regression analysis (from global products), but the regression algorithm did
not include any of those in the best fit (see our response #1). We believe the global relations are not
to as simple as the reviewer suggests.

30. p6.15-11: This belongs to method

In this paragraph we analyse specifically the topsoil results of the database compilation. The
database compilation is the first part of our method, the database is the result of it. Therefore, we
believe these lines to belong to the results and analysis section.

31. p6.17: You should be careful to not include the above ground or litter DOC measurements in top
soil DOC measurements.

We included no aboveground data in the database. The database contains three entries which
specifically are referred to as ‘litter layer’ in their sources (Markewitz et al., 2004; Gielen et al., 2011).
According to the soil sampling guidelines of both the USDA (Schoeneberger, Wysocki and Benham,
2012, p. 6) and the FAO (Jahn et al., 2006, p. 32) a litter layer that has begun to decompose could be
included as part of the O horizon, namely as the Oi horizon. Michalzik and Matzner (1999) also
included this Oi horizon in their early overview of DOC concentrations and fluxes in different soil
horizons in forests. We acknowledge however that in this matter different approaches and views
exist among soil scientists. As we do not only assess the mineral soil horizons but also the O horizon,
we believe it to be acceptable to include litter layer and Oi measurements in the topsoil DOC data.

32. p6.116: The warmer regions, since higher temperature increases the decomposition of DOC, would
exhibit lower concentration. But this would not be true in all the cases as the production of DOC can
also increase during high temperature (Michalzik et al., 1999) and leaching of DOC out of soil will
decrease due to the higher evapotranspiration and reduced soil water (Raymond & Saiers, 2010),
resulting in an increase of DOC concentration in some regions. Hence, the authors’ model based on
climate zones is not valid.

We agree that drivers can have differing or even opposing effects depending on the location, like we
explain on page 7, line 26-32. Also, some effects might be indirect, like in the example we give on
page 5, line 14-15. We however believe our current approach is valid for making a first estimate on
the global scale. See our response #1.



33. p6.126: There are many global or regional datasets that you can use for soil texture, SOC and pH.

We did include global products in our analysis. However they were not selected in the combined
forward/backward multiple-linear regression analysis by the algorithm. We explained this further in
the response to question 1.

34. p6.127: Where are the results for this statement?

Indeed, in order to keep focus we did not add the many non-significant results. However, we
understand the interest of the reviewer in these results. In addition to the analysis code, we will add
the extracted data for all database entries (both the 30 second resolution and aggregations to 30
minutes, representing the mean and dominant value) in a separate sheet in the database, so the
analysis can be reproduced.

35. p6.130: Again, where are the results for this?

See #34.

36. p6.131: First of all this should be in method not result. Secondly, as | mentioned above, you cannot
represent correctly the processes which are influencing the soil DOC by these oversimplified factors. I
suggest reconsidering your approach. As | see your results Fig.7, your model for topsoil is not
capable of capturing properly the measurements at all, low concentration modelled for high measured
points and vice versa. p7. This whole page is poorly written. Back-and-forth between method and
some pieces of results, with scattered arguments to support poorly constrained results.

With regard to the reviewers first point, we believe this part should belong in the ‘results and
analysis’ part of the manuscript, as this paragraph (page 6 line 25 — page 7 line 5) presents the results
of the multi-regression analysis. The model itself is a result of our study, not merely a method.

With regard to the reviewers second point, we would like to point out that the aim of our
study is to constrain DOC concentrations on a global scale, not to construct a model to estimate
concentrations or fluxes in or throughout a limited region, biome, ecosystem or group of point
sources. We totally acknowledge and agree that the parameters we use in our final model are not
fully representative of all the processes controlling soil DOC. We however believe our current
approach is valid for making a first estimate on the global scale. We addressed this point in the
answer to question 1.

Finally, we will address the composition of this chapter during a careful edit for language
and grammar. We however wish to emphasise that the product of the model analysis is on purpose
presented as a result, and not merely a method, as the model is the final outcome of our study.

37. p8. The whole same story defined for the “Top soil”” section.

See # 36.



38. p8.116:32: This all belongs to method not results. However, | am not satisfied that the subsoil
concentration can be represented by only a simplified ““soil class-dependent decay coefficient” which
is not also well explained in this manuscript.

We addressed this in our reply to question #36, where, with regard to the use of soil class as a factor,
we also refer to our extensive answer to comment #1.

39. p9. “Application and perspective: There are more parameters that should be included in your
model as mentioned above.

We would like to point out that the aim of our study is to constrain DOC concentrations on a global
scale, not to construct a model to estimate concentrations or fluxes in or throughout a limited
region, biome, ecosystem or group of point sources. We totally acknowledge and agree that the
parameters we use in our final model are not fully representative of all the processes controlling soil
DOC. We however believe our current approach is valid for making a first estimate on the global
scale. We addressed this point in the answer to comment #1.

40. p10.17: No you cannot simply apply the water flux to the soil DOC concentration and get the
leaching of DOC as the DOC removal from soil column applies the changes to the other processes
involved in production/decomposition of soil DOC, resulting in change of concentration in soil as
well.

We agree with the reviewer that the water flux should not be multiplied with the DOC concentration
at a certain depth X’ to calculate the flux over the total column. We believe we are neither stating
that. Though not the aim of this study, we would consider a method in which, for annual average
values, the DOC flux at depth x can be gained by multiplying the concentration at depth x with the
water flux at depth x. See also our answer on question 1 of reviewer 1.
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