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Reviewer #1 (Jonathan Sanderman) Comment: This MS describes the International
Soil Radiocarbon Database (ISRaD). ISRaD is really an active research community
and should be lauded as a model for modern open science. The database itself is well
described and easy to download and work with. The goal of ISRaD, and the focus of
a large portion of this MS, is to make this database a living document that gains wide
community acceptance and thus contributions. Overall, the MS is very well written
with only a few minor corrections listed below. In terms of more major considerations,
the only thing that I think is missing from this MS is a discussion about the different
reporting conventions for 14C data and how the database deals with this. In particular,
in order to compare 14C data across sites, some consideration of sample collection
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date and sample analysis data might be required.

Response: We thank Dr. Sanderman for his thoughtful and constructive comments
and we strongly agree with his assessment that a primary goal is to make this a living
document to facilitate community participation.

With regard to 14C reporting conventions, we dictate that radiocarbon measure-
ments are reported in standard units of fraction modern and/or Delta 14C. Fur-
ther, we require that measurement date (year of measure at minimum) is also re-
ported. These requirements ensure that all radiocarbon data in the database can
be converted between the two standard units of measure. If the data is reported
as a calibrated date, it cannot be included in ISRaD. Uncalibrated radiocarbon ages
can be converted to fraction modern values in order to meet our submission re-
quirements. For studies that use alternate units, we request that the person in-
gesting the data convert the measurements reported to the acceptable units, and
provide detailed resources to do so on our website FAQ (https://international-soil-
radiocarbon-database.github.io/ISRaD/template_faq/), accessed following the options
Contribute»Radiocarbon Data. As requested, we would add a short section (inserted
as section 2.3 – see below) to the text providing guidance on the reporting conventions
accepted.

To make the data easily accessible to users, we provide built-in unit conversions be-
tween the two accepted standard radiocarbon unit systems (fraction modern and Delta
14C). When the data is ingested, we request contributors to ISRaD only fill in the
units originally reported, along with the year that the radiocarbon data were mea-
sured. In some cases, in order to facilitate these conversions for older studies that
report only Delta 14C, we must estimate the date that the samples were measured.
These automatic unit conversions are then performed separately and included in the
“ISRaD_extra” data object, which is part of the ISRaD R-package and available for
direct download from the website.
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New Text for Manuscript: “2.3 Radiocarbon Data – Reporting Conventions Radiocar-
bon measurements of environmental samples have a long history, much of which is
reviewed in Trumbore (2009) including common units. Radiocarbon data ingested to
ISRaD are required to adhere to some basic reporting conventions. First, measure-
ments of radiocarbon may be reported in units of either fraction modern (FM) or Delta
14C. Other units are not supported at this time – for example, calibrated radiocarbon
dates are not accepted, as the calibration curves are evolving over time. Such cali-
brated ages make sense only for certain fractions (e.g. macrofossils found in soils),
and do not make sense in the context of most soil organic matter, which is an open
system for carbon. For datasets where radiocarbon is reported in units other that FM
or Delta 14C, it is up to the data curator or original author of the dataset to convert the
reported values to one or both of the permitted units. Second, the year of measurement
for each radiocarbon value must also be reported so that values may be internally con-
verted between the two accepted units. In addition to these basic requirements, there
are several other optional fields pertaining to radiocarbon data. These include the ra-
diocarbon laboratory (rc_lab); the laboratory number (rc_lab_number), a unique iden-
tifier issued by each AMS facility; the analytical error reported for each measurement
reported by most laboratories; and the environmental standard deviation of replicate
samples (if analyzed). These variables are not required for data submission but should
be included if they are available.”

Minor corrections: Abstract - Second to last sentence is an awkwardly phrased frag-
ment. Please revise. Response: We will revise this sentence.

Line 27 – “these papers use and the uptake of bomb carbon” – I think “and” should be
“of” here. Response: We will change as requested

Figure 2 is mentioned in the text before Fig 1 Response: We will correct the order of
figure references in the text

Reviewer #2 I consider the paper very interesting and the information presented very
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usefully. Some minor issues must be addressed before accepting this paper. Please,
check my attached pdf and answer my questions. Some general questions:

1. How do you pretend to promote this paper? database? Courses? Meetings?

Response: We thank the reviewer for their thoughtful comments and questions. We
have already begun promoting the database and the associated paper through orga-
nized sessions and talks at international meetings. To date, we have presented (or are
slated to present) aspects of this work at the International Radiocarbon Conference, the
American Geophysical Union, the European Geophysical Union, the Soil Science Soci-
ety of America, the Goldschmidt meeting of the Geochemical Society, etc. In addition,
we have co-organized workshops, seminars, and “hack-a-thons” (often in collaboration
with the International Soil Carbon Network) to provide more detailed guidance on the
use of this resource. In the future, we plan to organize short-courses to provide even
more detailed training and demonstration for stake-holders. Relatedly, we are con-
stantly improving the documentation and training tools provided through our website
and we actively manage the GitHub issues page, which serves to provide commu-
nity based technical support feedback on problems or questions related to ISRaD (as
described in section 4.3).

2. I consider that you should be really strict checking the homogenisation of the
database. My big concern always is standardisation. I am very sad and disappointed
when I use a database and for example, soil classification for each area is different, not
updated or with not enough precision, I mean, order or sub-order. How do you pretend
to correct that?

Response: This is a very important question/concern and is something that we have
thought a lot about. There are at least two contrasting approaches for maintaining
databases such as ISRaD. One approach is to strictly curate and control all data that is
entered into the database. This approach results in standardized data but is resource
intensive, requiring a large degree of management and quality control, and can limit
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the ingestion of data that does not meet the standards. An opposite approach is to
ingest any and all data but to give little attention to standardization. This allows for a
more complete synthesis of available datasets but can lead to confusion for data users
and erroneous comparisons, if data types are not clearly documented.

Our approach has been to take the middle road. We have constructed rules for in-
gestion that force a minimum degree of standardization (e.g. through pick-lists and
required units for certain variables) and we have built tools to automate aspects of
the quality control process – though we still utilize human reviewers for each dataset
that is ingested. Specifically, our data review process starts with the requirement that
submitted templates pass the automated QA/QC test that ensures linking variables
connecting observations from each data table (i.e., hierarchical level) match, required
fields have been entered, and values fall with in the acceptable ranges. Once the tem-
plate has passed this automated test, the data contributor submits the template and
data source to ISRaD and it is then passed to an expert reviewer, who checks several
aspects of each data table to ensure ISRaD standard practices for categorizing data
are met.

For some variables we allow a range of input types – requiring additional fields to
document the type reported in each entry. We feel that our approach allows for an
acceptable degree of standardization but limits the number of preexisting datasets that
are rejected. We feel that by capturing and documenting as many of the available
datasets as is reasonable, we will retain the ability to convert diverse observations to
a standardized unit or class in the future. Importantly, the methodologies that might
be used for such conversions can be clearly documented and the raw information is
retained in the event that such conversions prove to be undesirable in the future.

Soil classification is a very good example and is a parameter that we have had long
discussions about how to handle. We agree that forcing a standardized system would
result in a dataset that is easier to compare. However, many of the datasets that we
have compiled use different classification systems and converting from one to the other
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is not always straightforward. Our approach has been to record the raw information
reported in each dataset (along with the classification system used). This provides us
the opportunity to create a scripted tool for converting all (or most observations) to a
single classification system and minimizes the potential for human errors (that cannot
be undone) in the process.

Line Item Comments

Abstract Line 6. Missing comma; replace “describe” with “present” Response: This will
be corrected as requested

Line 10. Missing comma Response: This will be corrected as requested

Last Line. Do not add references in the abstract. Response: A reference to the dataset
in the abstract is a requirement of the EESSD.

Main Text. Line 3. Missing references. Response: We will add references as requested

Line 11. Specify how deep soils contribute to carbon storage Response: We will add
additional detail as follows (proposed changes to manuscript text shown in blue): “Ad-
ditionally, many studies and models focus on only the top 0.5 m of soil or less, despite
deeper soils contributing a significant proportion of SOM storage by way of low carbon
concentrations but large deep soil mass (Rumpel and Kögel-Knabner, 2010).”

Line 15. Add something related to sustainable development goals, land management
plans, or policy. Response: We will add additional text referencing these important
issues as follows: “There is an urgent need to synthesize a wide variety of soils data
to model the role of soil in the climate system (Bradford et al., 2016), to develop more
data-driven estimates of soil health (Harden et al., 2017), to inform policy and land
management plans that preserve and enhance soil carbon storage (Minasny et al.
2017; Poulton et al. 2018), and to extend our detailed understanding of soil developed
from observations made at the profile scale to both regional and global extents.”

Line 24. Refs. Response: Additional references will be added as requested
C6

https://www.earth-syst-sci-data-discuss.net/
https://www.earth-syst-sci-data-discuss.net/essd-2019-55/essd-2019-55-AC1-print.pdf
https://www.earth-syst-sci-data-discuss.net/essd-2019-55
http://creativecommons.org/licenses/by/3.0/


ESSDD

Interactive
comment

Printer-friendly version

Discussion paper

Line 27. Replace “papers” with “manuscripts” or “researchers” Response: We will
replace “papers” with “studies.”

Line 29. Define accelerator mass spectrometry. Response: Additional detail will be
added to this statement as follows: “The advent of accelerator mass spectrometry, a
method that measures 14C atoms in a sample by accelerating them to high energy,
in the 1980’s allowed for radiocarbon analysis using milligrams of carbon instead of
grams, while simultaneously increasing sample throughput (Trumbore, 2009).”

Line 30. References. Response: Additional references will be added

Line 34. Add approximation of paper numbers. Response: We will add an approxima-
tion as follows:“These applications have led to an explosion in the number of publica-
tions with radiocarbon measurements from soil, increasing from a few dozen papers
annually during the 1980’s to more than 150 per year in the last decade (based on a
search for papers with “soil” and “radiocarbon” as keywords in Google Scholar).”

Line 62. Refs. Response: This sentence will be modified by request of other reviewers
and an additional reference will be added.

Line 67. Refs. Response: We will add references as requested.

Line 71. Why “? Response: We will add detail to clarify this sentence as follows: “The
“light” fraction of soil material that floats in a dense solution (e.g., sodium polytungstate)
or gets picked up by electrostatic attraction (Kaiser et al., 2009) is sometimes used as a
proxy for rapidly-cycling SOM, as this material is generally observed to have a shorter
mean residence time compared with the bulk soil average, while the “heavy” or dense
material is used as a proxy for mineral-associated SOM, which is assumed to cycle
more slowly (e.g., Sollins et al., 2009).”

Lines 109 to 113. Please split up. Response: As requested, we will split up this
sentence.

Line 118. Missing comma Response: We will insert the missing comma as suggested
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Line 161. I would mention this figure before or add a flow chart before. Better to follow
the text Response: We will change the order of figure referencing in the text to correct
this problem

Line 199. Missing space. Response: Space inserted

Line 235. You should insist investigators to use a specific soil classification, updated
and leave clear which order is described.

Response: This is a good suggestion and something our leadership team has dis-
cussed extensively. We have, however, decided that requiring a specific soil classifi-
cation is not appropriate for an international database. We cannot reasonably force
scientists to learn and apply a new classification system, which they may not otherwise
utilize. Instead, we are developing tools to convert user input from one classification
system to another. This approach will be scripted and thus, there will be a traceable
record of how the conversions are applied. This will ensure that all conversions follow
the same rule-set and will allow for updates/modifications as needed. One of the rea-
sons, we chose to take this approach is that for many datasets soil classifications are
either not reported or are reported in an alternate classification system. If we require all
datasets to utilize single classification system, we are dictating that the person entering
the data (who may not be the original author of the study) must make the conversion.
We feel it is more objective to record the original data and apply soil classification
conversions uniformly across all datasets.

Line 369. Is it updated regularly with new papers? Response: This is a good question.
At present there is no regular schedule over which this Soil Carbon Information Hub is
updated. That said, we do anticipate providing updates periodically. We will formalize
a regular update schedule and include that detail in the manuscript and on the SCIH.

Reviewer #3 This paper is very meaningful by developing the International soil radio-
carbon database. The illustration is mostly clear. My first suggestion is that the authors
may illustrate their data sources in a detail way and how you update your database.
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The other thing is that the authors need to illustrate how they synthesize data of differ-
ent sources since the synthesis seems one of your point in your paper. The specific
comments are as follows:

Response: We thank the reviewer for their valuable input on this manuscript.
The data sources currently included in the current version of the database
can be found here: https://github.com/International-Soil-Radiocarbon-
Database/ISRaD/blob/master/ISRaD_data_files/database/credits.md We will add
additional text to the manuscript to make clear that this feature is available and
always up to date. Our process for the synthesis of different data sources is based
on entry of data into the ISRaD data template. Specific details on how contribute
data can be found at our website here: https://international-soil-radiocarbon-
database.github.io/ISRaD/contribute/. We feel that many of these specifics are beyond
the scope of the manuscript, though the general process is described in section 2.3 of
the manuscript.

Line 35, ’this database’, do you mean the database your paper built. Response: Yes,
we will add additional language to clarify that we mean the ISRaD database.

Line 135: fig.2 should come after figure. 1. Response: This point was also made by
another reviewer; we will switch the order of the figures in the text.

Line 145-146, a little confusing there is no legend of points in figure 4. Response: We
will add language to this section to clarify that the flagging of data from prior synthesis
studies happens within the database and is not necessarily represented in the figures
for this paper.

Figure 5: it seems that this figure is too simple ?? Response: We agree that this
is a very simple figure. However, it is an accurate representation of the ISRaD user
structure that is also quite simple.

Table 2, what do you mean by "Measurements of carbon concentration are not, on their
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own, good estimates of the mass of carbon in soils" Response: We will add language
in the table to clarify our point, which is that measurements of carbon concentration
must be combined with measurements of soil bulk density and layer thickness in order
to adequately estimate the total carbon mass contained within soil layers.

Reviewer #4 The paper address an very important topic on soil carbon dynamics. The
efforts as organized will be definitely contribute significantly to the community. I only
had one minor question as follows: One of the purposes of ISRaD is a trial to gather
soil radiocarbon data and trying to bring synthesis between different methods, to un-
derstand the turnover time, residence time, or mean age of carbon in soil. Although the
paper has been introducing the ISRaD with a great amount of details, it seems to me
the analysis of these data (e.g. bringing the synthesis) is not yet presented/discussed.
It would be nice to see a brief demonstration on the spatially distributed points, showing
the turnover time, residence time, mean age of carbon in soil, etc.

Response: We thank the reviewer for their suggestion and agree that an analysis of
the data is warranted and of interest to the soil science community. However, that
work goes beyond the intended scope of this manuscript, which is to simply present
the dataset and describe the infrastructure available to interface with the data. Fur-
thermore, the variables mentioned by the reviewer – turnover time, residence time,
and mean age – are derived from the raw data we have compiled and are subject to
specific assumptions and methodologies used for these calculations. In other words,
while the goal of the database is to facilitate such comparisons, we do not provide such
calculations as part of the dataset. Such comparisons should be conducted by indi-
vidual researchers or research groups and require a complete documentation of the
methodology used. We hope that as these efforts are undertaken, the results can be
added as a new data table to the database, but the more immediate goal of this work
is to synthesize and document the raw data that are available.

Reviewer #5 (Troy Baisden) There is a great deal of enthusiasm in the growing soil
radiocarbon community for a tool that makes existing data more accessible. This paper
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presents the latest and most significant effort to develop such a tool, ISRaD, authored
by a group of leaders in the field. Overall, this paper is ideally suited to this journal.
Its imperfections describe well the challenges faced in this field of research, and the
reasons why the development of this database, observable at major conferences for a
few years, has been such a substantial effort. Below I document a number of areas
of improvement for the manuscript and the database package. What I say less about
is that the work-to-date and overall quality of the manuscript here are very good and
will generate great benefits through ongoing focus on the role of soil radiocarbon in
managing a key part of the Earth’s C cycle. The 8500 measurements included so far,
valued at roughly $4.5 million USD, describe the scale of the problem, and the need
for further progress in the development of a structured database to support this field
of research. Downloading and browsing the database tables also emphasises this.
However, there are significant opportunities to improve. These boil down to two things:

Response: We are very appreciative of the time and effort that Dr. Baisden has con-
tributed to providing constructive input on ways to improve ISRaD. Below, we address
each of his suggestions in detail.

1. Because the ISRaD package was not on the CRAN repository for R packages
as suggested in the manuscript during this review/discussion process, and the active
Github site didn’t seem to me to provide an easy/clear substitute, there is a little less
checking and transparency than I would ideally like to see given the substantial effort
that has gone into this work. This is most evident in that there is nothing resembling a
set of worked examples that demonstrate use cases for the database.

Response: We apologize for the difficulties accessing the ISRaD package through the
CRAN repository. CRAN’s technical requirements have resulted in a time-consuming
delay in updating the package in the repository any time that we added new data to the
database. We are currently addressing this issue and hope to have it resolved shortly.
One major change we are making is to change the way the data is served when using
the R-package. Instead of including the database as a part of the package, we now
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include tools required to upload the latest version of the database in the R-package.
This approach reduces the size of the R-package and allows users to more easily
update the version of the database that they are using within R without reinstalling the
R-package.

The GitHub repository does provide nearly full transparency for how the database is
structured or implemented. That said, we agree with Dr. Baisden that it is not the
most user-friendly platform for doing so, which is why most of our tutorials leverage
the R-based data access and manipulation. With that in mind we have several basic
“worked examples” demonstrating the use of the database, which are available through
the website. For example, based on the reviewer’s suggestion, we have now included
a vignette on downloading and accessing the development version of the R package,
and generating the plots used in this manuscript (https://international-soil-radiocarbon-
database.github.io/ISRaD/rpackage/).

2. The presentation appears to have an overemphasis on soil fractionation data and
underemphasis on time series, other constraints enabled by the database, including
particularly site level C flows such as NPP and soil respiration. This appears to be
related to a view of a paradigm shift in the controls on soil organic matter dynamics
that I find biased toward recent synthesis and in surprising ignorance of key original
work decades earlier. A consequence of this is that the role of early radiocarbon work,
that was often more thoughtful than recent studies (perhaps due to the higher relative
cost of analysis) is underemphasised.

Response: We appreciate Dr. Baisden’s concern regarding an apparent bias of the
database toward soil fraction data, seemingly at the expense of the other constraints
he has mentioned. However, it is our opinion that this perceived bias is a product of
the database infrastructure required to accommodate soil fractionation data and not an
oversight, as suggested. In fact, the database has been designed to accommodate
measures of all of the variables that he has listed. For example, soil respiration mea-
surements and associated radiocarbon values are incorporated in the Flux Data Table
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(i.e., described in section 2.2.4) and DOC fluxes can be reported in the Interstitial Data
Table (i.e., section 2.2.6). Similarly, time series observations can be (and are) reported
for any of these measurements (including bulk solids or fractions) by incorporation of
observations categorized identically, except for the date or time of observation.

Although the database can accommodate these other observation types, there are at
least two related factors that drive this perception of bias toward soil fraction data. First,
the early versions of the database were facilitated by a USGS Powell Center synthe-
sis effort, which specifically targeted soil fraction data. As such, the emphasis was
initially geared towards including studies that had fractionation data with associated ra-
diocarbon measurements. Since that early effort we have greatly expanded the scale
and scope of the database so as to allow for recording of all soil radiocarbon observa-
tions and other groups are currently expanding, for example to allow synthesis efforts
on incubation data. Second, the infrastructure required to accommodate, and record
soil fractionation methods is inherently more complex, as a result of the diversity of
methodologies used, and therefore requires more details to describe.

Overall the concerns related to (2) are significant, because unintentional biases in how
scientists or teams of scientists were thinking when methods or datasets are created,
selected or pruned can have long-lasting effects to obscure or wall off promising routes
forward. Documentation via the scientific literature represents the last chance to correct
or clarify any biases.

Response: We do not claim to have been exhaustive in our synthesis efforts and again
our efforts to compile datasets have been shaped by our own research interests as
well as the interests of researchers whose work proceeded our own (i.e., Matheiu et
al., 2015 and He et al., 2017). This is in part also driven by the funding sources that
allowed us to join forces and make joint progress on a repository that we hope will
grow and evolve with time as new researchers with new interests add to the data in
it. We have constructed and described a database platform that can accommodate
all types of data and we have put forth a good faith effort to include as many of the

C13

https://www.earth-syst-sci-data-discuss.net/
https://www.earth-syst-sci-data-discuss.net/essd-2019-55/essd-2019-55-AC1-print.pdf
https://www.earth-syst-sci-data-discuss.net/essd-2019-55
http://creativecommons.org/licenses/by/3.0/


ESSDD

Interactive
comment

Printer-friendly version

Discussion paper

available datasets as can be found in the published literature. However, this product is
intended to be a living community resource that continues to grow in ways dictated by
those who chose to participate. In this regard, this manuscript is intended to advertise
the existing dataset but, perhaps more importantly, to attract new participants who can
add additional data focused around their particular area of interest. We believe the
necessary infrastructure is in place to accommodate underrepresented data types or
adapt to new ones. With regard to the under-emphasis of early datasets, we would also
note that because our requirements for data ingestion (i.e., section 2.2 and Figure 2),
the ingestion of some older datasets is delayed since critical parameters may not have
been reported and tracking down the required information such as site coordinates
and the date of observation is increasingly difficult with greater amounts of time since
studies have been published.

To offset the perception on an unintentional bias toward fractionation studies, we have
added additional text in several locations in order to emphasis the inclusion of the
other forms of radiocarbon constraints mentioned by Dr. Baisden. For example, we
will modify the third paragraph of the introduction as follows:“The pool partitioning ap-
proach is easily implemented in SOM models, but in reality, measuring these pools
is both challenging and dependent on the techniques used to fractionate the bulk soil
(Moni et al., 2012) or to track throughput of bomb-derived carbon through repeat mea-
surements (Baisden et al., 2013; Basiden and Keller, 2013). . . Critically, approaches
using radiocarbon to estimate the timescales of carbon cycling in soils require multiple
measurements of carbon in distinct soil reservoirs (Trumbore, 2000) or through time
(Baisden and Canessa 2013; Basiden and Keller, 2013)..

I provide additional detail and discussion in relation to particular lines in the manuscript.

L39-41 The sentence spanning these lines is problematic for several reasons. First,
on the face of it, its assertion regarding bulk carbon appears to me to be disproven
by Baisden et al (2001; 2013a, 2013b). This may simply be a matter of interpretation
however – I also have trouble linking this sentence to what follows it, given what is
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possible in quantifying the stabilisation and turnover of carbon. Second, the confusion
I see in this sentence may perhaps lie in what is meant by the word, “predict.” To play
devil’s advocate on this point, I’ll suggest that far more would be known and quantified
if, since 2000, the field had followed the simple process of collecting and running time
series bulk samples, and using math to separately measure the size and turnover rates
of pools. In contrast, it doesn’t seem that ongoing efforts to chemically and/or physically
fractionate soil have led to clarity or application.

Response: The reviewer’s opinion on this is well-known, and in places where archived
samples are available, can be a valid point. However, the models used to describe
time series require creating organic matter ‘pools’ that cycle carbon at different rates.
The use of physically and chemically separated fractions, while imperfect, is an at-
tempt at linking model-derived turnover times with corresponding physical or chemical
stabilization mechanisms. We will replace the sentence spanning lines 39-43 to better
reflect this: “Bulk soil radiocarbon measurements, if not part of repeated time series,
provide only a mean estimate of the time elapsed since carbon in the soil was fixed
from the atmosphere. However, this mean is not representative of how fast soil C will
respond to a change in inputs, as it has been repeatedly demonstrated that SOM is not
homogeneous, and that C stabilized by different physical, chemical or biological mech-
anisms cycles at different rates. Models used to explain time series of bulk radiocarbon
(e.g. Baisden et al (2001; 2013a, 2013b) or physically and chemically separated soil
organic matter fractions (Gaudinski et al. 2000; Sierra et al. 2012, Schrumpf et al.
2013) require model structures with multiple pools cycling on different timescales to
simultaneously explain the rate of bomb 14C uptake and the mean 14C signature of
SOM.”

L42 “mean ages and cycling rates” are duplicative, since rate is the inverse of age
given simple pools. Also, why imply “mean” ages? Mean ages, especially when used
across distinct pools, or without time series data imply considerable risks of biased
results (Baisden et al 2013a) so I would like to see the community to be careful and
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precise in the use of this type of terminology.

Response: We agree that the use of the term “age” in this sentence is confusing, es-
pecially in the context of radiocarbon, and will remove it to make it clearer that we
imply partitioning of the SOM in pools of different cycling rates. We agree in that we
need to use more precise definitions, particularly because the use of terms such as
age, residence time, turnover time, cycling rate, etc. are sometimes used interchange-
ably leading to confusion. For this reason, we adopt here the more precise definitions
of system age, radiocarbon-derived age, turnover time and transit time as defined in
Sierra et al. (2017, Global Change Biology 23:1763).

L45 The introduction of transit time as a completely different measure is confusing.
A great deal of work has included an understanding of transit, for example by explic-
itly attempting to model transport processes within soil. It may seem pedantic, but it
quite important to understand that “transit” times are useful in systems where trans-
port is important as a process. This distinction should either be left vague, noting that
the measures differ somewhat, or be better expanded to recognise work focussed on
transport. Useful examples include Elzein and Balesdent 1995, Baisden et al 2002;
Baisden and Parfitt 2007, Sanderman et al 2008, and Jenkinson and Coleman 2008.

Response: We respectfully disagree that this measure is confusing, as transit time
has a clear definition with a long history (Bolin & Rodhe 1973, Tellus 25:58) and has
been used as a mathematically derivable characteristic for the kinds of compartmental
models used to model the terrestrial carbon cycle globally (Fung et al. 1998 Global
Biogeochemical Cycles; Metzler et al. 2018 PNAS) and in soils (Manzoni et al. 2009,
J. Geophys Res 114, Sierra et al. 2018, Global Biogeochem. Cycles 32:1574). There
is not necessarily a link between the transit time (a characteristic of the model and the
conditions in which it is run) and the process involved (which can involve transport as
well as a given stabilization mechanism). We think it is critically important to distinguish
between system age (the age of carbon in the soil) versus transit time (the time it takes
carbon to pass through the soil system, since the time it enters until it leaves as CO2
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or DOC). We explicitly avoid the most confusing term residence time because it has
been used in the literature to imply either age or transit time. By making this distinction
we expect to have a more specific interpretation of radiocarbon data measured in bulk
soil and pools versus radiocarbon in respired CO2. Also, system age and transit time
are more precise terms that address model-derived quantities more directly.

L48-49 This statement appears incorrect. It certainly has been shown mathematically
tractable to separate distinct ‘pools’ without physically or chemically separating soil. For
grassland soils, the comparisons in Baisden et al 2002, and further work in Baisden et
al 2013 and 2013a make a fairly clear mathematical separation with time series sam-
ples is more efficient. Undoubtedly options may vary on this topic, but at a minimum the
case for mathematical separation based on bulk samples has to be acknowledged as
valid strategy. This is particularly true if total throughput of C through the ecosystems
can be understood (Gaudinski et al 2000; Sierra et al 2012; Baisden and Keller 2013).

Response: This is an important point and we regret not addressing this topic in our
original draft. We will add language to reflect the excellent work applying a mathemati-
cal separation of soil carbon pools, using a time series of measurements. However, we
would point out that purely mathematical pools may describe the evolution of 14C, but
do not necessarily help us to understand the underlying processes; for this a combi-
nation of physical and chemical separation methods that emphasize different kinds of
stabilization mechanisms, combined with mathematical modeling.

L51-52 The references given for the shifting view of controls on soil organic matter
dynamics give an unfair impression of recent progress, using papers that do present
useful recent synthesis. It seems remiss not to include earlier references, or at least
Oades 1989. It would be preferable to include Golchin et al 1996 as well.

Response: We agree and appreciate the suggestion to include citations to additional
seminal publications. We will cite the studies listed.

L57-59 It might be more accurate to say there are either one or three things here, but
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not two? If there is a ‘fast’ pool, and a slow ‘pool’ then different processes govern
the turnover of each, so the two processes each need parameters. But it is equally
important that the process of partitioning carbon flows into soil between the two pools
be understood. Yet, I could also see another point of view, that there are typically more
than two pools recognised in soil, so perhaps an understanding of partitioning only is
intended here? Please clarify.

Response: We have clarified our list of questions driving research of SOM dynam-
ics by adding an additional question to our list:“Three of the fundamental questions
currently driving SOM research are: (1) What are the controls on the partitioning of
organic inputs between soil reservoirs cycling over different timescales; (2) what fac-
tors determine the fraction of organic inputs to soil that are lost, retained, or transferred
each reservoir; and (3) which mechanisms contribute to the stabilization or protection
of SOM?”

L 68 It seems slightly odd not to have pioneering or earlier exemplars of density fraction
in this list. Various students of Oades, and particular series of papers published in
1995-7 by Golchin. Keep in mind that many of these methods were not developed
specifically for radiocarbon.

Response: This is a very good point, many of or reference have focused on the appli-
cation of radiocarbon measurements to fractionation methods, however, such methods
have often been developed and applied in the context of other soil measurements.
As per the reviewer’s suggestion, we will also cite the early work of Golchin et al. in
developing and interpreting such methodologies.

L84 It is interesting here to see version 1.0 (Sierra et al 2012) rather than version 1.1
(Sierra et al 2014) of SoilR referenced. Please see the note below regarding L102
about an interface to soilR. If the goal of the database is to allow improved testing of
hypotheses representing understanding of soil carbon dynamics, it seems SoilR should
provide an ideal mechanism for implementation. It would be good to see more clarity
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of thought on achieving this, including a reference to the later version of SoilR.

Response: As requested, we will an updated reference to SoilR version 1.1 by Sierra
et al. 2014. See also our response to additional comments regarding linkages to SoilR
below.

L88-89 It may be worthwhile considering earlier references to DOM such as Sander-
man et al 2008. I say this in part, because what is said in this paper may guide the
use of the database, and it would be worrisome to neglect early studies containing
compelling radiocarbon results.

Response: We will add a reference to Sanderman et al., 2008, as requested.

L102 Here again, I’d propose there is a collective forgetfulness of what was well es-
tablished in the literature by the 1990s in terms of paradigms of soil organic matter
dynamics. These have been reinforced by review and synthesis in recent decades, but
this is not a reason to neglect early radiocarbon work that had already largely incor-
porated the paradigms promoted in this introduction. Therefore, it is odd to see early
work that established overall constraint of carbon dynamics in well-studied systems ne-
glected here. Such work can provide useful examples of how to construct strategies for
constraining carbon dynamics. The obvious examples driven entirely by radiocarbon
are Gaudinski et al 2000 (in relation to followup by Sierra et al 2012) and the set of
work in Baisden et al 2002, 2002a, 2003.

Response: Dr. Baisden makes an excellent point that there is long history of re-
search supporting our current paradigms for soil organic matter dynamics. While this
manuscript is not intended to be a comprehensive review of this research area, it is im-
portant for us to honor the diversity and breadth of the work underlying the database.
As such, we will make an effort to incorporate the majority of citations suggested by
Dr. Baisden.

A second issue the lack of reference to or inclusion of literature using tracer carbon, or
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natural abundance stable C isotope ratios.

Response: We have made a conscious decision to exclude radiocarbon values from
tracer studies in this version of the database. This is something that we hope to ac-
commodate in the future but at this time we feel that the potential for problems from
inadvertently merging natural abundance and tracer data outweigh the benefits of in-
cluding them.

With regards to natural abundance stable C and N isotopes, these are included in the
database and we encourage submission of studies including such observations. We
will add an additional statement to the manuscript to reinforce these points:“The IS-
RaD (v1.0) is designed to be an open-source platform that (1) provides a repository
for soil radiocarbon and associated measurements, (2) is able to accommodate data
collected from a large variety soil radiocarbon studies, including the diversity of frac-
tionation techniques applied to soils as well as repeated bulk measurements made
over spatial or temporal gradients, and (3) is flexible and adaptable enough to accom-
modate new variables and data types. Although ISRaD was specifically developed
with soil radiocarbon measurements in mind, it is well suited for synthesizing other soil
measurements, including stable C and N isotopes. Importantly, we currently focus only
on natural abundance isotopic measurements and therefore exclude data from isotopic
tracer studies.”

Finally, a weakness in papers on recent paradigms is the importance of closing the
partitioning and turnover of soil carbon by constraining the overall flow of C through
the system via NPP or respiration. This is a strength of SoilR (Sierra et al 2014) so,
as noted above, I would like to encourage the authors to consider what link might be
made between these two R packages. This is covered to some degree in L225-231 but
not with explanation of the value of or rationale for such constraints.

Response: We agree that there are fruitful linkages to be made between ISRaD and
SoilR. Such collaborations have been discussed and, in some cases, may already be
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underway. However, our first priority has been to formalize and finalize the database.
Future users of the database need to recognize that any quantitative interpretation of
soil C dynamics using radiocarbon will use some kind of model that links radiocarbon
to rates of C transfer or decomposition. While SoilR is a useful platform because it
has made it easy for users to incorporate radiocarbon into most major soil C models
in current use, the choice of model and platform should be up to the users of the
database. Since both ISRaD and SoilR are implemented in the R language, users may
find it convenient to use both packages in specific analyses, but we are not prescriptive
about how these analyses should be done.

L131 It would be good to clarify here that the site accessible via the soilradiocarbon.org
address does not appear to have an R-shiny interface or some other “web interface” to
the data running. Either the words “web interface” should be changed to “web site”, or
an exact address to a “web interface” should be provided.

Response: We agree that our original terminology is confusing. We intended the term
“web interface” to describe a browser-based access point for the database and we did
at one time have access to an R-shiny interface from the web site. However, technical
limitations that ultimately led to us abandon that approach (the R-shiny interface is still
available in the R-package). So, in fact, as suggested, the “web interface” is really just
a “website.” As per the reviewer’s suggestion, we will change our wording throughout
the manuscript.

L270-279 It is good to see these items related to density fractionation included specif-
ically. However, does it make sense to include/explain these stored values but not
include the degree to which the sonication method has enabled isolation of occluded
vs free light fraction, again originally detailed by the Golchin work to adapt density frac-
tionation to the paradigms the authors promoted at the beginning of this manuscript’s
introduction?

Response: This is a great suggestion and one that we have discussed. Our approach
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to the categorization of various fractionation approaches has been to capture all rele-
vant information required to compare measurements across diverse datasets with as
few required variables as possible. Sonication details are one aspect that we chose not
to include. Instead, we report whether sonification was performed but not the specifics
of the energy used or the time over which it was applied. In many cases, this infor-
mation is often not reported in the original studies. That said, we agree that this can
be useful information that can be included in comment fields that are available in the
template where data are entered.

We have a process in place for data users to request the inclusion of new variables
(described in section 4.3). The simplest way to accomplish this is the post an issue in
the GitHub repository but users may also email info@soilradiocarbon.org and an issue
will be posted to the GitHub repository for them. Once an issue has been posted,
there may be some discussion amongst other users as to if the requested variable
warrants inclusion and how best to implement its addition. Pending the results of this
discussion, the science steering committee will approve or reject the inclusion of the
variable. If it is approved, the technical changes required to implement the change
will be added to the queue for coding changes. When requested variable additions
are not intended to be mandatory, their incorporation is straightforward. When they
are suggested as a mandatory variable, the implementation is more difficult and an
effort must be taken to “back-fill” existing datasets, wherever possible. Such efforts will
require time commitments from users to complete effectively.

To address this suggestion by Dr. Baisden, we have created a new is-
sue in the GitHub repository: https://github.com/International-Soil-Radiocarbon-
Database/ISRaD/issues/199

L320 The web interface again appears to be a regular website rather than a web
database interface?

Response: We will change this terminology as requested.
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L322 This web address only goes through with http:// and not with https:// L332 The
ISRaD package was not available at cran.org as implied in this text. The Github version
indicates changes. Although these changes are probably minor I was disappointed to
find that there was not a version tagged to support this review process.

Response: As describe above, we have made changes to how the R-package is struc-
tured in order to allow us to meet the requirements of CRAN and plan to have the
R-package available as soon as possible. We would also like to note that, while it is
unfortunate that the R-package was temporarily unavailable, our multitiered approach
for serving the data (i.e., direct download from the website, access via the R-package,
download to active and archived versions GitHub, or download of archived versions via
the Zenodo) do provide redundancies so that data can still be accessed if technical
issues are encountered in one or more of the access points.

L501 Here again the “web interface” is mentioned. It seems worth noting here that
this link appears to lead to a fairly standard website with a static file download for
a database table, rather than an interface to the database. What’s missing? There
seems to be neither an accounting of the spread of categories or types the data al-
ready in the database represent, or what weaknesses (gaps) can be described. Sim-
ilarly, there is a rather technical description of data entry, but not a description of how
substantial historic datasets might be brought into the database. An additional but ad-
mittedly problematic question is whether the extent of available published data not in
the database can be better quantified and described. I encourage some discussion of
these opportunities for improvement.

Response: We acknowledge that the “web interface” does not provide some of the
pertinent details regarding the database mentioned. However, our feeling is that this
manuscript will serve to fill that need initially and, pending is publication is ESSD, we
will provide links to this document from the website. It is our opinion that the open-
review process provided by ESSD, provides a better forum for initially describing the
details mentioned by Dr. Baisden.
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Additionally, in regards to the point made about the spread of data in the database, we
have built a few simple querying and reporting functions in R that facilitate the assess-
ment of the number of studies or the number of data records for specific variables. For
those users familiar with R, it is a relatively simple matter to use standard R functions
to query the ISRaD data object.

Furthermore, on the ISRaD website we host a collaborative document listing the stud-
ies that are currently in progress as well a “wish-list” of studies that we intend to ingest
in the future.

Interactive comment on Earth Syst. Sci. Data Discuss., https://doi.org/10.5194/essd-2019-55,
2019.
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