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Anonymous Reviewer #1

In this paper, Baylor Fox-Kemper and his co-authors present an overview of the CMIP7 variable
request for the ocean and sea ice.

Before outlining some comments on this paper, | first want to express my gratitude to the
authors for taking on this huge effort which | see this as a truely outstanding service to our
community. Thank you!

Thank you for the kind words. It is our honor to have been selected to serve the community in
this role, and we aspire to provide a clear and compelling set of documents.

As regards to the paper itself, | find this a bit difficult to review as it's not a classical scientific
paper, but instead more of an outline of the result of a community effort to define overarching
questions that could/should be addressed with CMIP7 model output. As such, I'm a bit unsure
as to which level of criticism/comment is warranted: The paper is scientifically formally correct
and can thus in my view be published as is (with some very minor edits as outlined below).

We understand and appreciate the reviewer’s effort in any case to improve the paper.

However, as a reader, | also felt that a few important questions remained open, but | would like
to leave it to the authors to decide to which degree these can be answered within the scope of
this publication. | therefore just list these here and look forward to seeing maybe at least some
level of discussion in a revised version of this paper.

Thank you. Our detailed point-by-point responses are given below.

1. I would have wished for more "lessons learned" from CMIP6, and for some discussion as to
how these lessons were addressed in CMIP7. In particular, | feel that the data request for
CMIP6 was already overwhelming, and now even more variables are added to that list. What
did we learn more concretely about the variable usage and efficiency of CMIP6 output, and how
was this considered here? Which variables or groups of variables are dropped for CMIP7, or are
we simply requesting more from the modelling centers?

The variable selection process was guided by the CMIP IPO, which brought forward principles,
scheduled meetings, and so on. Our team divided the different tasks, consulted our
communities, considered the variables we used in previous documents and assessments, and
brought those discussions together to try and synthesize a whole.

The principles here were to reduce the data volume (where possible), the number of variables (if
possible), and to clarify the rationales for the inclusion of each variable. We note that this
document is only a data request rather than a demand, so modeling centers must be persuaded
to provide the variables through our text, their own experience, efc.



In the course of this work, we worked with members of the CMIP WIP (WCRP Infrastructure
Panel) who had worked extensively on the previous data request and with the access statistics
to the CMIP6 archive. Unfortunately, there was a key flaw in the collection of this data, which is
that when an institution downloaded a dataset once, that was recorded, but if it was shared
widely from that download (as is common practice at many institutions and modeling centers),
only the initial download appears in the statistics. We think this severely undercounts the usage
of some of the main variables. However, we were able to examine which variables were not
uploaded often, which indicates that they were not well-justified in prioritization, and we also
were able to downgrade their prioritization level or remove them entirely.

Of course, lessons learned from CMIP6 may be subjective (although they informed our
discussions and writing to a fair degree). From the side of modelling centers, as the reviewer
remarks, the CMIP6 data request, that included more than 1200 MIP variables and 2000 distinct
CMOR variables (Juckes et al., 2020), may have been seen as very demanding for modelling
centers when aligning preparation and publication of model variables with resource limitations in
simulation production and CMORization. On the other hand, we see that the variety of research
interests in CMIP is becoming larger rather than smaller with time (climate extremes, ocean
waves, coupled ice sheets, variable land surface characteristics, etc.), necessitating adding to,
or refocusing, elements of the data request. It is in these applications that most of our effort in
the writing process was expended.

One lesson that has guided the preparation of the CMIP7 data request is that previous data
requests could have benefited from more structure and from a clearer illustration of links
between requested variables and specific research fields and scientific questions, that would
motivate the production of specific model variables. Juckes et al. (2025) prepare the basic
foundation for data production at modelling centers for Earth System Research and
model-intercomparison with a baseline data request that is very concise (135 variables only) but
that arguably would limit the versatility of CMIP7 output for the wider scientific community.
Therefore, guided by CMIP6 variable download statistics and by input from the various Earth
System research communities, the various thematic groups extensively reflected on the need
for additional model output. As a general rule, a model variable has only been considered in the
CMIP7 data request if its production has been scientifically motivated by at least one of the
various opportunities that describe data demands for specific research fields or scientific
questions (this framework was provided to us by the CMIP leadership). While this justifies a
variable to be produced, prioritization may of course still lead to different evaluation of variable
relevance at modelling centers.

In the end, the combined effort of baseline request and author theme opportunities culminated
in a collection of 1991 variables in the CMIP7 data request
(https://airtable.com/appOcSa4gXyzHThmm/shrkayKObes58Zu45/tblpo5L8maBIGIM1B/viwNNz
rqK50PL7zk2; accessed 8th of August, 2025). While this still involves a large volume of model
output, we hope that formulation of opportunities, organization of variables into thematic groups,
and categorization of priority will help modelling centers to guide output production, and, where
necessary, prioritization, following their own capabilities and scientific interests.



We also note, specifically in the “outstanding gaps” section 4.2 and “key reflections” section 4.3,
that the process we were given was largely manual (as opposed to automated) and based on
community discussions. The latter is extremely valuable, of course, but is unlikely to reduce
data volumes. The former is truly a missed opportunity. We hope that during the CMIP7 usage
cycle that new tools, such as emulators and better post-processing diagnostic packages, and
even Al data mining of the literature based on CMIP7, will enable automated tools can make
future data requests more meaningful and more easily accomplished. We hope that this section
of the paper, as well as other perspective papers written by our team members and others on
these topics, will improve our community efforts going forward.

2. What are the pros and cons of the approach of defining "opportunities"? Do the authors feel it
is warranted that 2 out of 7 of these are related to waves? Given that the two overarching
opportunities of the ocean and the sea ice variables seem to mirror the approach taken in
CMIP6, the introduction of opportunities seems to make the call wider rather than more
concrete, which seems to go against the intention of opportunities. Some reflection on this
would be helpful. Is this approach too broad/too limiting/helpful??

This is an excellent question. The “opportunities” framing was meant to be cross-cutting over
multiple MIPs, whereas the CMIP6 process was organized more through the contributions of
MIPs (e.q., the ocean data request papers (Griffies et al., 2016; Orr et al., 2017) were created
by the OMIP and ocean biogeochemistry MIP teams, the sea ice data request paper was
created by the SIMIP team, etc.). Our team thought the opportunities approach was successful
for those of us who had worked on MIPs and the preceding data request process, and those of
us new to the process were given a guiding principle that helped organize their contributions.
Overall, it was an organizing principle that allowed us to cross-check over multiple potential
users’ needs.

As to the 2 wave opportunities, this was particularly interesting to our team and not of our own
design. A few of our authors were involved in wave modeling efforts for CMIP6 (including
Fox-Kemper), but those opportunities were contributed from outside of our team. The fact that
there are two opportunities reflects the two ways that waves are simulated in CMIP, offline via
the COWCLIP community (e.g., Hemer et al., 2016) and its descendants, and online via the
efforts at FIO and NCAR during CMIP6 and additional teams joining in CMIP7. Because these
two applications differ substantially in which data is requested (forcing vs. forcing and response,
essentially), and the fact that only some modeling centers have online wave capabilities, while
all modeling centers can choose to provide forcing data for offline wave calculations, we found it
easier to organize them separately.

The big pro we see in the opportunity framework is bringing structure into an otherwise
monolithic data request. We also think that this outweighs cons, with the only one that comes to
mind being the scattering of scientific motivation for variable production across different
opportunities and thematic papers. While each and every opportunity has merit for specific
scientific communities, scientific preference will, of course, allow very subjective evaluation of
the relevance of specific variables. We would like to note, though, that opportunities that appear
in the manuscript have been reviewed and supported by multiple thematic author themes (e.q.,



ocean and sea ice, atmosphere, etc). As a result of the review and evaluation process, and in
an attempt to simplify the structure and to maintain a threshold of scientific relevance, various
opportunities were either merged or rejected (see Annex 1 for the ones related to ocean and
sea ice). Others, which may be justified, were not proposed (tipping points and ice sheets) and
are discussed elsewhere in this response. Therefore, for all variables mentioned in the various
opportunities, there is justification for them to be considered in the data production process. The
selection of variables for data production and research is then left to the scientific interests of
involved parties, who may consider the described opportunities as guidance.

3. What is special about "paleo” variables, why are they different from the standard variables, or
is the idea here to define a subset given the length of the simulations?

The paleo community has different traditions, as until CMIP7, the Paleoclimate Modelling
Intercomparison Project (PMIP) was a separate activity with meetings organized outside of the
CMIP process (although sharing and some PMIP scientists participating in the CMIP data
requests). Many of these variables are also included in the baseline list, but some are not, even
though they are critical to paleo applications (e.g., full depth datasets and special attention to
overturning analysis). The PMIP-sponsored Opportunity 51, Paleoclimate research across time
scales, collects all variables that support scientific research in the paleoclimate research
community and in linked research fields (e.g., current and future warmer climate). In
paleoclimate research, the focus is sometimes different from that of more recent and near-future
climate research in CMIP. This means that variable selection addresses additional Earth System
components, like permafrost, stable water isotopes, or metrics that diagnose the state of the
Earth System under climates that may significantly differ from today. While we have referenced
in this opportunity some research that illustrates how climate model output may improve the link
between climate research of the past, the present, and the future, we acknowledge that the aim
for brevity does not allow us to provide extensive justification of every variable. Nevertheless,
the thematic organization of model output into the various variable groups will highlight
justification of variables for specific scientific questions that are linked to, e.g., data assimilation,
stable water isotopes, or stability and state of the cryosphere under different background
climates.

4. Some discussion of on-line analysis versus the storage of huge amounts of data would be
helpful, | find. To which degree do the authors think that we should focus more on high-level
analyses that are calculated on the fly while the simulations are running, versus storing
petabytes of output variables that researchers than use to calculate the same integrated metrics
again and again? (Il think this indeed is an open question)

This is an excellent and interesting suggestion. We have added the following text to the “Key
reflections” section:

One challenge that confronts teams such as ours trying to optimize the data storage
effort is that some variables can, of course, only be calculated online during simulation,
while others can be calculated offline when given the correct input data. Indeed, standard
analyses that may be centrally prepared, as considered for example in the CMIP7 Rapid



Evaluation Framework (Hoffman et al., 2025; Hassler et al. 2025), are ideal to limit data
storage load and to speed up exploration by avoiding preparing the same analyses over
and over again. Two oceanic examples that our team considered were mixed layer depth,
which can only be calculated at full accuracy online (see Treguier et al., 2023, for a
quantification of the errors when calculating after the fact), and ocean heat content,
which can be calculated after the fact from 3D temperature, salinity, and grid
specifications, but only in an approximate way when the vertical coordinate varies in
time. Treguier et al. find that mixed layer depth errors in calculating after the fact were
somewhat smaller than the errors in CMIP6 due to discrepancies in the definition of
mixed layer depth used by multiple modeling centers. In this data request, we seek to
eliminate these inter-model definitional discrepancies, which then leaves after-the-fact
calculation as a leading error, which justifies our request for the mixed layer depth as
calculated online. The ocean heat content (and salt content) can be calculated accurately
from 3D fields for some vertical coordinates and only approximately for others, but this
calculation is done so often and is so expensive in data recall that we ask modeling
centers to do it in advance. Providing the calculated ocean heat content necessarily
increases the number of variables requested from modeling centers, with some
redundancy in many cases, but as these variables are used widely, require downloading
large data volumes, and are prone to error in calculation, we deem this addition to be
justified. Another example is the request for modeling centers to provide
hemispherically-integrated sea ice variables (such as sea-ice area, extent, volume, etc.),
as we know from previous CMIP phases that these are the most downloaded sea ice
variables, and calculating them offline after regridding can lead to errors compared to
doing it online. In general, there tends to be a tradeoff between the number of variables
requested (which can actually reduce the data volume needed to be downloaded and
stored when they are, e.g., integrated as ocean heat content is or 2D as mixed layer depth
is) and the volume of data requested (e.g., higher frequency 3D fields reduce the
rectification errors in after-the-fact calculations in variable vertical grid models). We only
anticipate these issues will become more complex as model configurations diversify in
vertical grid specifications and unstructured horizontal grids. The OMIP protocol and
diagnostics under discussion, which will be submitted for review soon (Fox-Kemper,
personal communication), will contain further details and discussion.

A. Treguier, C. de Boyer Montegut, A. Bozec, E. P. Chassignet, B. Fox-Kemper, A. M. Hogg, D. lovino, A. E.
Kiss, J. L. Sommer, Y. Li, P. Lin, C. Lique, H. Liu, G. Serazin, D. Sidorenko, Q. Wang, X. Xu, and S. Yeager. The
mixed layer depth in the ocean model intercomparison project (OMIP): Impact of resolving mesoscale eddies.
Geoscientific Model Development, 16(13):3849--3872, July 2023.

5. Some reflection on the time line for CMIPs would have been nice to have included here from
a specific sea-ice and ocean perspective. From the discussion, | understand that we might be
overwhelming ourselves with the current pace of CMIP activities - would the authors have
concrete suggestions for improving this situation for our communities?

The baseline variable paper contains some of this information, but as is normal, the CMIP
schedule involves unavoidable delays that are hard to anticipate. The CMIP7 simulations that
are not part of the Assessment Fast Track do not have a fixed schedule at this time (e.g., OMIP



and most of PMIP). A historical perspective on the timelines proposed and achieved, such as
Durack et al. (2025), is helpful context. We believe that regular model-intercomparison
exercises enable early identification of promising and less promising routes in ongoing model
development. Furthermore, via ESGF, they provide an ensemble of model data that is of great
value to the research community. Therefore, CMIP and related activities have their justification.

6. Which concrete criteria were used to define the priorities for variable requests? How are they
different from those in CMIP6?

These priorities were decided through discussions among our team, together with community
input. In most cases, they are the same as in CMIP6, except where usage and delivery
statistics indicated that they were actually interpreted by modeling centers and users to be lower
priority than the CMIP6 data request prioritization indicated.

7. Are there variables that are requested to be supplied as a group given that for example
supplying just 60 % of budget variables often means that even those 60 % cannot be used if the
other 40 % of variables are not supplied

Not strictly. We do note that this data request is primarily targeted for the Assessment Fast
Track, which we do not anticipate will define the extent of variables studied during model
development at most modeling centers, but will be only a subset of those variables. Thus,
closure of budgets is not a goal of this data request in most cases (or is low priority), although
some of the refinements suggested in sea ice albedo variables were intended to improve the
potential for budgets to be closed accurately. Nonetheless, modeling centers where closing
budgets is a priority will find that they are able to provide those variables if they choose to,
although we do not guarantee that this will be as accurate as budgets that are closed in online
calculations, where, e.q., rectification effects from vertical grid variations can be accounted for
entirely.

However, certain budgets can be calculated, and these are provided in the same opportunity
and variable group (as in the sea ice opportunity which has a focus on albedo budgets). The
opportunities are intended to argue for groupings of variables that would be convenient to have
together, with commensurate frequency and resolution requirements. These are not all of the
things one might consider doing with the models, so of course, there are gaps, some of which
are specified in section 4.2.

8. While the term "tipping" is mentioned in the abstract, there is no dedicated opportunity related
to the stability of e.g. the AMOC or other large-scale ocean features. Is there a reason for why
this is not targeted explicitly?

No team proposed an opportunity along these lines, although we certainly might have expected,
e.g., the TIPMIP team to have done so. However, our “Ocean Changes, Drivers and Impacts”
opportunity includes a specific variable group for the meridional overturning streamfunction.
Furthermore, our paleoclimate variables include the standard variables used for tipping point
assessment, as that is a common topic of study in those applications. Specific questions, like



TIPMIP model output, are planned to fall under the future unharmonized data request with the
descriptor "updates as needed by MIPs".

9. The inclusion of physical vs. non-physical variables is unclear. | first thought that this paper
only dealt with physical variables but then saw that for example chl200 is requested which
relates to chlorophyll. Some discussion of physics vs. biogeochemistry vs. biology of this
variable request would be helpful

We focus on physical variables, but in that specific case, the literature is examining multi-factor
compound extremes. The biogeochemistry effort will also request chlorophyll, but at other
depths and different temporal frequencies. In the case of compound extremes, the frequency
must match across the multiple factors. Similarly, stable isotopes are part of the paleoclimate
opportunity, but these are not physical variables but have direct relevance to the physical
questions at hand, especially the model-observation/proxy comparisons.

10. | was surprised to find that lakes are included in this request. Was this also the case in
CMIP6? Some discussion on lakes vs. seas vs. oceans would be helpful, also related to the
modeling of the hydrological cycle over land grid cells.

The inclusion of lakes is a model-dependent choice. We only request lake depth for the models
where this is considered part of the ocean and sea ice component. In many models, lakes are
part of the hydrological modeling component. Which large lakes go into which model is not in
agreement across the community. Also, depending on the land surface characteristics of
specific paleoclimatic time periods, climate research across time scales will lead to the use of
various (very different) land surface characteristics within one specific model, including
differences in land-sea distribution, topography, ice sheets, and lakes. While the former three
have already been available from common fx variables, we made sure that the CMIP7 data
request will also allow documentation of different lake distributions for research across and
beyond CMIP.

Thus, the complexity of this question lies out of scope for our short paper.

Minor comments:

[.71: One could also cite IPCC AR6 WG1 cross-chapter box 10.1 here
Done.

[.75: It is unclear to me which data set the v2.2 refers to

Clarified.

[.76: Something seems wrong with this sentence

Fixed.



1.120: What about ice-sheet--ocean interactions, was ISMIP involved in these discussions? This
seems like a topic that | found surprising to not be covered as a major topic/opportunity in this
paper

This topic was discussed within our ocean team (particularly around ice shelf-ocean interaction),
but as with the tipping point community, we did not receive an opportunity request from the
community. The number of climate models where ice sheets are simulated online is still few, and
where these data should be stored (with ocean and sea ice, in with hydrology/snow modeling,
on their own) remains undecided at this point.

The Land and Land Ice Data Request team (Li, Y., Tang, G., O’'Rourke, E., Minallah, S., e
Braga, M. M., Nowicki, S., Smith, R. S., Lawrence, D. M., Hurtt, G. C., Peano, D., Meyer, G.,
Hassler, B., Mao, J., Xue, Y., and Juckes, M.. CMIP7 Data Request: Land and Land Ice
Priorities and Opportunities, EGUsphere, https://doi.org/10.5194/equsphere-2025-3207, 2025.)
have the primary responsibility for the ice sheet data request.

Table 1 (and other tables): Please check column width, in this table the first column is too
narrow and so all IDs are spread over multiple lines

Until the formatting is done by EGU, we cannot get these precisely, but we will check carefully at
the proof stage that all tables are correct and legible.

1.297: Please spell out AFT here, the abbreviation is rarely used in this paper and there are
many pages after its definition in 1.90. The mentioning of the 127k simulations is surprising, |
don't understand what these refer to - maybe provide. a bit more background information for the
non-paleo readership of this paper?

Fixed.

1.492: The style of this paragraph is different to the ones before, in particular owing to the usage
of "we request". Might be good to streamline the style of all opportunities one way or the other.

Fixed.

1.501: Again, please spell out AFT | suggest.

Fixed.

Appendix B: sisnmassn and sisnmasss could use same wording for their titles

Fixed.



