Authors’ Response:

Thank you to all three reviewers for the insightful remarks and constructive criticisms of the
submitted manuscript, database, and codebase. We are pleased to describe plans for revising
the manuscript as follows (reviewer remarks in blue; our response in black.)

RC1: 'Comment on essd-2025-364', Anonymous Referee #1, 20 Aug 2025

Citation: https://doi.org/10.5194/essd-2025-364-RC1

General comments (overall quality of the preprint)

Summary:

This manuscript presents a “database of PAGES 2k databases,” or dod2k, which provides a set
of tools for translating between, and combining records from, PAGES 2k databases. This type of
toolkit has long been needed and I'm grateful that the author team has taken it on. Overall, the
manuscript and the set of Python functions and codes are very well thought out and of high
quality. They present notebooks for the applications that they showcase in the manuscript, which
are useful and straightforward, and the notebooks can be run while reading the manuscript
side-by-side.

| did have some concerns regarding the clarity of the workflow as presented in the manuscript
and the leap that users must make between reading the paper and actually using the code,
which is not as straightforward as it could be. | have made a few suggestions below for clarifying
the text and the workflow figure, and for providing a more thorough Quick Start guide and a
simple tutorial (which can be as simple as an example set of more thoroughly commented
notebooks walking through the creation of the dod2k_dupfree_dupfree dataset that the authors
use for their examples in the manuscript). Critically, | believe the author team should do some
beta testing of these tutorials and the QuickStart guide with a few new users who have had *no*
involvement in the project whatsoever. The errors and troubleshooting that | encountered while
reviewing most likely happened because when putting together the Github repo, readme, and
quick start guides, the author team was already so familiar with the code and the conceptual
workflow that it was easy to take certain steps for granted. These additions will make the
database/toolkit (is it a database or a toolkit?...see below) more widely usable and improve the
overall accessibility of the manuscript. My comments below mostly focus on making sure a
reader of the manuscript can easily understand and follow along with the process of loading the
databases and removing duplicates, as well as following the example applications given.

Authors’ response: We agree with the suggestion to create a more thorough Quickstart. We will
implement this using MkDocs (https://www.mkdocs.org; https://github.com/mkdocs/), with a set
of jupyter notebooks in tutorial style with additional commenting. We will beta-test this tutorial
with new users including members of the hydroclimate2k community, as well as students
wishing to filter dod2k for other applications.
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Is dod2k more accurately called a toolset than a database?

As catchy as ‘dod2k’ is, | go back and forth on whether the product here is actually a database.
Actually | think it is more accurately called a set of tools. Yes the result of using the tools is to
load all the databases’ record into one super-database, but dod2k does not have its own
datasets and metadata. For example if a new temperature record is published, it would be
submitted to the pages2k temperature database and added to the next release, rather than it
being added to dod2k directly. In addition, the final “dod2k” product ultimately depends on
decisions the user makes about duplicates—it is not the same set of records every time. So |
think a more accurate title would be something like DT2k (databaseTools2k) or DIOP2k
(Database InterOPerability 2k) or something similar. This is sort of semantic but the distinction is
important when thinking through the process for updating the databases themselves plus the
tools included in dod2k, see below.

Authors’ response: Thank you for pointing this out and sorry for the confusion. We realize that
we should have advertised the database property of this effort more in the manuscript as it is our
major motivation. Following the aims and scope of the journal, we prefer to chart a middle
course and treat this as a “database of databases” contribution.

To be clear, the database could be used as a standalone product, without running the
notebooks, if the user agrees with the choices made to create it. They have the decision log that
documents the choices made during operator supervision.

The purpose of creating dod2k was always to create a database of existing curated databases;
this is described in Section 1. As updates are made to the underlying databases by their
curators, or additional databases become available, these can be integrated by revising the
individual and load_dod2k notebooks.

On the other hand, if the user wishes to use the load and duplicate detection notebooks to make
other choices or to merge other databases, they could do so. Therefore, we will also provide the
essential toolkit, for which we can adopt the name dt2k as suggested. These are the load
notebooks which specific to each component database; duplicate detection; duplicate decision;
duplicate_removal.

The remaining application notebooks are specific to the paper and can be used as the basis for
the tutorial. We will revise the paper, sections: 2.1 Data and 2.2 Codebase and workflow to
make these pathways clear.

Because new records may be added to each sub-database, we would propose to release
updated dod2k versions annually for the community as our time and support permits.

Stewardship and updates to dod2k and the underlying databases:

The notebooks provided here are tailored to the most current versions of the Pages 2k
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databases and include some workarounds for the bugs or peculiarities that are specific to those
databases and their specific versions (for example the Palmyra record in the pages2k load
notebook). That means that iffwhen the individual databases are updated, the dod2k code may
break or some sections of the notebooks may become moot, while other sections may need to
be added for the new inevitable peculiarities that arise. Given that updating the databases
themselves is always a large endeavor, what is the plan for updating dod2k/dt2k/diop2k when
new versions of databases are released to the community? Will updates to dod2k be governed
by the author team of this paper, or will community users contribute code? If the latter, who will
review and commit those changes? Can this discussion be added to the text?

Authors’ response:

We feel that having the key jupyter notebooks on github enables branches and versions to adapt
as the underlying databases are updated, or as other curated databases are added for user
specific purposes. This author team could review and commit those changes, but we also think
that the notebooks could be adopted by data informatics groups. We would note that because
the process involves operator decisions about retention and compositing of data, users might
well make different choices and produce their own versions.

For the dod2k database, we intend to request it be hosted on lipdverse.org to ensure we can
make point releases that draw from updated or additional component databases relevant to
Common Era paleoclimate research there that are updated in advance of their public repository

counterparts (e.g. PAGES2k v2.2.0 on lipdverse vs PAGES2k v2.0.0 on Figshare and PAGES2k
v2.0.0 on NCEI/Paleoclimatology.)

We will note these two points in revised Section 5 (was: Section 4.3, Outlook; see response to
Julien Emile-Geay’s comments below).

Usability of the dod2k tools and some additional resources for new users:

As is always the case with Python, the trickiest part especially for non-expert users is getting the
environment set up and getting example scripts or notebooks to run without breaking. The
paleoclimate community uses a variety of programming languages and it is likely that many (if
not most) of the prospective users of dod2k have only a basic knowledge of Python and some
(many?) users will not have any knowledge at all (compared with, for example, R, which seems
to be more popular in the community). When | initially started to review the paper, | cloned the
github repository and tried setting up the environment and running the notebooks, but then |
started running into enough errors requiring troubleshooting that | did not feel the manuscript
was ready to review. The editor reached out to the authors and they then posted a comment
providing an updated .yml file for a python environment (dod2k-env.yml) and a QuickStart, both
of which were very useful. | was able to successfully get most of the notebooks running. Still,
there is an underlying issue which is that it feels that the dod2k workflow and tools need to be
better clarified in the text, and probably more rigorously beta tested with users from the broader
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paleoclimate community before it is really ready for wide release. See my comments on section
2.2 and the quickstart guide below.

Something that would help immensely for all users (regardless of their python experience) would
be adding some resources to allow users to get started with the dod2k tools. At minimum, it
would be helpful to include with this publication a “tutorial” that is simply a set of notebooks that
exactly reproduce the steps taken in this manuscript to produce the “dod2k_dupfree_dupfree”
version of the dod2k dataset, which appears to be the one used for the examples in sections 3
and 4. These notebooks should include more extensive commenting to walk a user through the
decisions that were made to produce that version of the dataset, including in the notebook
directly some comments on the rationale/justification for each of the decisions about duplicate
cases. | think this is what was intended with the README file in the duplicate-screened
database that is created with the screening notebooks, but the examples in the github repo just
have a simple README that lacks operator comments on the duplicate screening.

For inspiration regarding tutorials, | suggest looking to the example of Pyleoclim, which provides
a number of extremely accessible tutorials that are easy to run out of the box:
https://qithub.com/LinkedEarth/PyleoTutorials

Authors’ response: We agree and will add a tutorial that exactly reproduces the steps to create
the duplicate free dod2k dataset. We will add additional commenting to the key notebooks for
database loading and concatenation; then duplicate detection, decision and removal; then
filtering for subsets from the dictionary terms. The final product will be renamed to clearly
indicate what it is.

After doing this, a short section should then be inserted into the beginning of the Results section
of the manuscript that describes the process of creating dod2k_dupfree_dupfree, with the
names of the notebooks and the order in which they are used very clearly stated so that a
reader can follow along and create their own version of dod2k_dupfree_dupfree if they like. This
addition will also help with overall reproducibility of the figures in the manuscript.

Authors’ response:

We note that Section 2, in particular Sections 2.5 and 2.6, including Table 2, does exactly this.
We will standardize the notebook names such that the generic names listed in Table 2 map
easily to the specific versions of these notebooks including in dt2k.

Specific comments (individual scientific questions/issues)
.yml file:

The original cfr-env.yml fails to complete a working environment because of a problem with
pyvsl. The new yml file, dod2k-env.yml, successfully produces a working conda environment
which is great. However the new .yml file did not include any version of jupyter notebook so that
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had to be installed separately. | recommend adding the jupyter and notebook lines back to the
dod2k-env.yml that was previously in the older .yml file.

Authors’ response: jupyter and notebook are added into the dod2k-env.yml environment.
Comments on the process of removing duplicates:

The notebooks for identifying and handling duplicates take a very long time to run (at least 2
hours on my machine), and due to connection timeouts | was not able to successfully run the
dup_detection notebook even with multiple attempts. This is even with loading only two of the
databases. Aside from connection timeouts | also encountered this error: “File Save Error for
dup_detection.ipynb. Failed to fetch.” It’s fine if code takes a long time to run, that’s just reality.
But perhaps in the manuscript and in the QuickStart/readme files, it would be helpful to specify
at the outset of the section on duplicate handling that there is a reasonable version of the dod2k
dataset, dod2k _dupfree_dupfree, that is ready to be used should the user want to do so rather
than starting out with making their own decisions regarding duplicates. Many users may want to
skip the full duplicate detection/decision-making process at first and just jump in to exploring a
version of the compiled dataset where some reasonable decisions have already been made (eg,
dod2k_dupfree_dupfree). This will help people get started working with all the compiled datasets
right away.

| did really appreciate that the csv file already exists in the Github so that a user can just
proceed without running the full duplicate detection process. That was a nice touch. It may be
helpful to clarify the name of that csv file in that cell of the notebook where it directs a user to
comment out that cell if they wish to use an existing csv file.

Authors’ response:

We are sorry to hear the code took that long to run. To be clear, the user does not need to run
the entire workflow. They may instead use the dod2k product, with reference to the notes on
screening provided. Provision of the outputs is a workaround for those who want to see the
results and build applications from these, rather than make their own duplicate decisions. The
duplicate decision operator choices are logged, and we will make this more apparent in the
planned tutorial and in the manuscript text, section 2.6 and Table 2.

Users may perform their own screening, starting from the detected candidate duplicates, which
are provided. We will note in the text, Section 2.6 that the duplicate detection notebook takes the
most time, but does not need to be rerun if the same parameters into it are specified as
described in the text, because the output csv files are provided.

For those who wish to execute the entire workflow, we will investigate optimizing the code to
make this step faster; in preliminary tests, small changes can decrease the automated steps by
a factor of two, and reduce the number of records flagged for operator screening by about 15%,
and we will test whether the screening then produces the same results.



In addition to the above, to promote useability | wonder if it is possible to change the way that
duplicates are written to the csv file while it's running, so that it's possible to pick up where it left
off if the notebook finishes only partway through? | get that this may not be possible, but it's
worth looking in to.

Authors’ response:

This functionality is part of the original submission. We have checked and indeed it is possible
to pick up the duplicate decision operator screening process from a partially completed session.
This is now described in the tutorial, and will revise the decision notebook for further
transparency and usability.

Some suggestions for the decision-making for duplicates: The process of prompting the user to
manually make decisions is nicely thought out here and | appreciate the decision-making
metadata for future reproducibility purposes. | find the figures a little tough to parse, though. Can
both Y-axes for both datasets be plotted, and then specify which Y axis pertains to which
record? Also, | could not quite tell what the grey line is exactly? | see that it is something about
the differences between the records but it jumps around so wildly that it was sort of hard to tell,
and differences were often very far from zero even with records that had high degrees of
correlation. Plus it is a little distracting and makes it hard to look very closely at the underlying
records. Could it be added to a sub-panel? And/or just explained better in terms of what the
units are.

Authors’ response:

We will simplify the plotting to remove these results that are not useful for visually evaluating
duplicates.

Finally, there seem to be a number of “dod2k_dupfree” folders with different initials appended to
them (and one with “_dupfree” again appended), but no clear description of what the differences
are (though I gather from the paper these are probably subsets of moisture and temperature
records, and not someone’s initials...?). Can this go in a readme file somewhere?

Authors’ response:

Yes, this can be cleaned up and filenames described in a readme. The result labeled
_dupfree_dupfree was the test to check that a second pass through duplicate detection in fact
found no duplicates.

Other specific comments on the manuscript and notebooks:

- In line 69, the text says “The framework is extensible and can incorporate new databases or
updates to existing ones.” From what | can tell though, a user is supposed to use the versions of
the databases that are stored in the github repository. That means the user should essentially



download each of the databases from this github repository, rather than download them from
their official public repositories or websites? Which ultimately means that as updates to the
individual databases are released, this github repository has to then also be updated, yes? Can
this be clarified? And, this is where it would be very helpful to include an overall discussion of
plans to keep dod2k updated (see my “overall” comment above).

Authors’ response:

As a database of community curated databases, the component databases should be
downloaded from their publicly accessible repositories, especially if these databases are being
updated (see also response to Julien Emile-Geay’s comments, below). At the same time, the
github repository should probably include the particular databases we used to create the specific
version of dod2k. Updates to the github repository will include updates to the source databases
as we become aware of them and they become available, such as described in response to
Julien Emile-Geay’s comments, below. We will clarify this in the text, Section 2.5, and in the
load notebooks. These all list the source url (for instance, in load_ch2k.ipynb, cell 1), and the
shell commands to obtain the dataset (for instance, in load_ch2k.ipynb, cell5), but we will check
that the database sources is standardized across all 5 load notebooks.

- Section 2.2: The workflow figure is great, but | found the actual description of the workflow in
the text to be lacking some key, concrete information. For example, to load all of the databases,
does one need to go through and execute each individual load notebook? Can you specify
where those load notebooks are located (they aren’t in the main directory of the github repo, and
| found them, but it would be easy to just specify here)? Can someone load just a few of the
databases, or will that break things later? | started by just loading 2 of the databases, since the
duplicate detection process was so lengthy | was hoping this would cut down on time. It wasn’t
actually successful (see above) but if it had been, would that have worked, or does a user
actually need to load in all the databases? | looked for concrete workflow examples in Section
2.5 and 2.6, and in the example applications in 3.2, but those still don'’t list the complete
workflow to reproduce the figures made here. In addition to the tutorial | mentioned above, can
you also include more specifics in Fig 1, rather than just a conceptual overview? Or another
figure that lists the specific workflow for one (or both) of the example applications, including the
names of the notebooks? And finally, as | said under “overall comments” include a set of
notebooks that walks through the creation of dod2k _dupfree_dupfree including the rationale for
decisions about duplicates.

Authors’ response:

We will list the notebook load_dod2k.ipynb in Table 2. This is the notebook that takes the
compact dataframes that were created by the load notebooks and assembles them into the
unified dod2k database of databases. That aggregate dataframe is the basis for duplicate
detection and removal. We apologize for omitting this critical link in the workflow from Table 2,
and it will be made clear in the tutorial. Modifying this notebook should allow the user to create



a dod2k from a smaller subset of the five databases we used, or to add additional databases, for
instance the Burgdorf et al (2024) database DOCU-CLIM, as mentioned in the Discussion. We
will note this flexibility in Section 2 when introducing and commenting on load_dod2k.ipynb, and
then in the Discussion.

We can certainly add more detail to section 2.2 to indicate where to find the notebooks listed in
Table 2.

We will modify Fig 1 to include the names of notebooks as listed in Table 2.

We will create a tutorial notebook as previously suggested, with more complete documentation
to clarify the workflow.

We will also add notes to Section 2.5 about the choices we made during the duplicate decision
process to create the resulting dod2k database. This is memorialized in the duplicate decision
output, which is called duplicate_decisions_INT_YYYYMMDD.csv (INT=initials entered by
operator), which is saved into the duplicate_detection directory.

In addition to the text in section 2.2: The Quick Start guide that was added is helpful, but it
should be revised to contain files in the order that one should use them, following the steps in
the manuscript and in the workflow figure.

Authors’ response:

We believe the suggested and planned tutorial is a good way to merge our response to this
comment and the comment below suggesting a tutorial (see below). Following prior Author
Response notes, we will also revise and expand the subsections in Section 2 to mirror the
workflow described in Fig 1.

- Section 2.3: The way this is described here is not really accurate. The text says “A virtual
environment for running the Python functions, scripts and Jupyter notebooks built within a
Jupyterhub installation 105 (https://tljh.jupyter.org/en/) can be found at the aforementioned
github repository in the file cfr-env.yml.” Looking at the Github repository, it does not seem like
Jupyterhub is actually necessary. | believe this text should actually say “Users can create a
virtual environment to run the Python functions, scripts, and Jupyter notebooks using the
dod2k-env.yml file found at the aforementioned github.”

Authors’ response:

Correct. We have added jupyter and notebook to the dod2k-env.yml and will add the reviewer’s
language to Section 2.2.

Unless there is some reason that users need to be using Jupyterhub? From what | can tell,
users still need to download all the datasets and code in the github repository, right? If that’s not
the case, that needs to be clarified here as well as in the README file on github.



Anyway, this language should be clarified and ideally, more depth given for how to get this set
up on an individual’s laptop and a group server (probably the two most common approaches) so
that it is easier for users to access dod2k and the notebook examples here. It is OK to assume
some working knowledge of Python, but since the paleoclimate community will be approaching
this database with very different experience levels, providing some concrete info on getting
everything set up in a straightforward manner will go a very long way with the community. Clarify
that all a user needs to reproduce what is done in the paper and then perform their own
analyses, is the ability to use Jupyter notebooks, and to set up an environment with specific
package versions etc.

For what it's worth, | did not use JupyterHub, | just cloned the github repository to an Ubuntu
server that | use, and worked through all the examples there. If people need instructions on how
to use Jupyter lab or Jupyter notebooks there are some helpful tutorials by LinkedEarth that you
can recommend in the manuscript and/or on the Github:
https://github.com/LinkedEarth/PyleoTutorials

- One thing you may wish to consider, following Pyleoclim's footsteps, is to encourage first-timer
users run the notebooks with myBinder. This way they do not need to install anything. | tried to
use myBinder to run the dod2k notebooks in order to review this preprint in the first place, but
ran into errors importing packages when trying to run the load scripts, so something is not right
there. This would be very useful for the DoD2k user community and allows people to get started
checking out the codebase without having to figure things out on their local machines.

Authors’ response:

Unfortunately we cannot use myBinder because their supported Python version is behind the
version we used for dod2k. But we agree that a tutorial will be useful and will provide this in a
revised submission. We are using MkDocs (https://github.com/mkdocs/mkdocs), which creates a
wiki page on github, to create this tutorial.

Technical corrections (compact listing of purely technical corrections)
Just one minor correction:

Line 20: “may take tens to thousands of years to be fully realized” makes it sound like it may
take tens of thousands of years for people to figure out internal climate variability. | am rather
more optimistic than that. | suggest rephrasing.

Authors’ response:

We will revise this overlong and unwieldy sentence and the one before it to:

“Superimposed on that are other causes of forced climate variation and change, for instance,
arising from volcanic activity, solar and orbital variations (Huybers and Curry, 2006; Miller et al.,
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2012; McGregor et al., 2015; Abram et al., 2016; Gebbie and Huybers, 2019). In addition, there
is the tendency of the climate system, broadly defined as the coupled ocean, atmosphere, land
surface, land and sea ice, biota, and solid earth, to vary on a broad range of timescales under
stochastic forcing (Hasselmann, 1976).”

Michael N. Evans
Lucie J. Lucke
Kevin J. Fan
Feng Zhu



