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Decision Letter:

** Please ensure you delete the link to your author home page in this e-mail if you wish to forward it to your coauthors **
Dear Dr Samset,

Your manuscript titled "2023 record temperatures consistent with steady global warming and sea surface temperature
variability" has now been seen by 3 reviewers, and we include their comments at the end of this message. They find your
work of interest, but some important points are raised. We are interested in the possibility of publishing your study in
Communications Earth & Environment, but would like to consider your responses to these concerns and assess a revised
manuscript before we make a final decision on publication. In particular, we point out the need to comment on the use of a
model-specific Green's function and mixed use of multiple and single realizations for various CMIP models. Some
clarification on the Green's function method and of the second figure were also requested.

We therefore invite you to revise and resubmit your manuscript, along with a point-by-point response that takes into account
the points raised. Please highlight all changes in the manuscript text file.

Please submit your point-by-point responses as a separate file, distinct from your cover letter where you can add responses
to the Editors’ comments that you do not want to be made available to the reviewers. Word files are preferred.

Important: The response to reviewers must not include any figures, tables or graphs. If you wish to respond to the reviewer
reports with additional data in one of these formats, please add them to the main article or Supplementary Information, and
refer to them in the rebuttal. Due to current technical limitations, any figures, tables, or graphs embedded in your rebuttal will
not be included in the peer review file, if published.

We are committed to providing a fair and constructive peer-review process. Please don't hesitate to contact us if you wish to
discuss the revision in more detail.

Please use the following link to submit your revised manuscript, point-by-point response to the referees’ comments (which
should be in a separate document to any cover letter), a tracked-changes version of the manuscript (as a PDF file) and the
completed checklist:

Link Redacted

** This url links to your confidential home page and associated information about manuscripts you may have submitted or be
reviewing for us. If you wish to forward this email to co-authors, please delete the link to your homepage first **

We hope to receive your revised paper within six weeks; please let us know if you aren’t able to submit it within this time so
that we can discuss how best to proceed. If we don’t hear from you, and the revision process takes significantly longer, we
may close your file. In this event, we will still be happy to reconsider your paper at a later date, as long as nothing similar has
been accepted for publication at Communications Earth & Environment or published elsewhere in the meantime.

Please do not hesitate to contact us if you have any questions or would like to discuss these revisions further. We look
forward to seeing the revised manuscript and thank you for the opportunity to review your work.

Best regards,
Sylvia Sullivan, PhD

Editorial Board Member
Communications Earth & Environment



Alireza Bahadori, PhD
Associate Editor
Communications Earth & Environment

EDITORIAL POLICIES AND FORMATTING

We ask that you ensure your manuscript complies with our editorial policies. Please ensure that the following formatting
requirements are met, and any checklist relevant to your research is completed and uploaded as a Related Manuscript file
type with the revised article.

Editorial Policy: <a href="https://www.nature.com/documents/nr-editorial-policy-checklist.pdf">Policy requirements </a>
(Download the link to your computer as a PDF.)

For Manuscripts that fall into the following fields:

» Behavioural and social science

+ Ecological, evolutionary & environmental sciences

* Life sciences

An updated and completed version of our Reporting Summary must be uploaded with the revised manuscript
You can download the form here:

https://www.nature.com/documents/nr-reporting-summary.zip

Furthermore, please align your manuscript with our format requirements, which are summarized on the following checklist:
<a href="https://www.nature.com/documents/commsj-phys-style-formatting-checklist-article.pdf">Communications Earth &
Environment formatting checklist</a>

and also in our style and formatting guide <a href="https://www.nature.com/documents/commsj-phys-style-formatting-guide-
accept.pdf'>Communications Earth & Environment formatting guide</a> .

*** DATA: Communications Earth & Environment endorses the principles of the Enabling FAIR data project
(http//www.copdess.org/enabling-fair-data-project/ ). We ask authors to make the data that support their conclusions
available in permanent, publically accessible data repositories. (Please contact the editor if you are unable to make your
data available).

All Communications Earth & Environment manuscripts must include a section titled "Data Availability" at the end of the
Methods section or main text (if no Methods). More information on this policy, is available at <a
href="http:/www.nature.com/authors/policies/data/data-availability-statements-data-
citations.pdf">http://www.nature.com/authors/policies/data/data-availability-statements-data-citations.pdf</a>.

In particular, the Data availability statement should include:

- Unique identifiers (such as DOIs and hyperlinks for datasets in public repositories)

- Accession codes where appropriate

- If applicable, a statement regarding data available with restrictions

- If a dataset has a Digital Object Identifier (DOI) as its unique identifier, we strongly encourage including this in the
Reference list and citing the dataset in the Data Availability Statement.

DATA SOURCES: All new data associated with the paper should be placed in a persistent repository where they can be
freely and enduringly accessed. We recommend submitting the data to discipline-specific, community-recognized
repositories, where possible and a list of recommended repositories is provided at <a
href="http://www.nature.com/sdata/policies/repositories">http://www.nature.com/sdata/policies/repositories</a>.

If a community resource is unavailable, data can be submitted to generalist repositories such as <a
href="https://figshare.com/">figshare</a> or <a href="http://datadryad.org/'>Dryad Digital Repository</a>. Please provide a
unique identifier for the data (for example a DOI or a permanent URL) in the data availability statement, if possible. If the
repository does not provide identifiers, we encourage authors to supply the search terms that will return the data. For data
that have been obtained from publically available sources, please provide a URL and the specific data product name in the
data availability statement. Data with a DOI should be further cited in the methods reference section.

Please refer to our data policies at <a
href="http://www.nature.com/authors/policies/availability.html">http://www.nature.com/authors/policies/availability.html</a>.
REVIEWER COMMENTS:

Reviewer #1 (Remarks to the Author):

Using a Green's function, the authors separate the contributions from long-term warming and SST patterns to global mean

temperature, to investigate if 2023 was exceptionally warm, or within the range of internal variability. They conclude that
2023 was not exceptional, but rather comparable to other record-breaking years, mainly due to ENSO resulting in a higher-



than-average global mean surface temperature.

The manuscript is well-written and will be a valuable addition to the literature. In particular, it will contribute to the ongoing
discussion about 2023 and whether or not the Earth system started warming more rapidly than expected.

My main concern relates to the use of the Green's function for this particular application. The Green's function provides an
estimate of the gradient dGSTA/dSST, but calculates it by running a climate model to equilibrium. Could the authors
comment on the following two points?

1) How dependent are the results on the use of the Green's function of CESM compared to other climate models, knowing
that Green's functions differ between climate models?

2) The current Earth system is not in equilibrium, while the Green's function assumes it. That is, the Green's function perturbs
the SST at the start of the simulation, and after 40 years the GSTA is averaged, when the system is in equilibrium. Is it really
appropriate to use the Green's function for year-to-year (or month-to-month) comparisons? In other words, how important are
the different timescales at play? For yearly averages, this is probably not an issue, but | am not sure about monthly
timescales.

Finally, it was not immediately clear to me what the maps in Fig.2 are showing. Is this the product of the Green's function
with the observed SST? So the global sum of this is the pattern correction of GSTA? A few words on what exactly is shown,
would help readers understand the figure and results better.

** Technical corrections **
L34 -- reword sentence; double use of "combination/combined”
Ref. 11 -- update reference

Reviewer #2 (Remarks to the Author):

The authors claim that although 2023 was the warmest year on record it is not unexpected when accounting for steady
global warming and SST pattern changes. | found it very difficult to understand the figures and the analysis method. It is still
unclear if | thoroughly understood the analysis methods. The Green's function data is used to argue for the contribution of
SST pattern effect is not unprecedented. It is explicitly stated that the origin of SST pattern change cannot be assessed from
their study. However, the SST pattern change itself could be the effect of aerosol forcing or unexpected greenhouse effect.
The 2015/2016 also shows similar accelerated warming from SST pattern effect associated with the ENSO, but this
similarity is not sufficient to preclude the growing effect of climate change. | wasn't convinced with the paper.

Reviewer #3 (Remarks to the Author):

Review of “2023 record temperatures consistent with steady global warming and sea surface temperature variability” by
Samset et al.

General comments:

Samset et al. show that the global mean record temperature observed in 2023 is in line with steady global warming when
correcting for the impact of the sea surface temperature pattern based on a Green’s function. They show that the year 2023
was similarly anomalous than previous EI-Nino years such as 2016, 1998, 1969 and 1952. To test this, the authors isolate
the global mean surface temperature anomalies from the SST patterns following Samset et al., 2023. While the method is
not new, its application to the last-years temperature record with substantial media coverage is novel and of wide interest for
the community and also the public. | consider the statistical analyses as appropriate and valid. | congratulate the authors on
this concise and well-written study that is well suited for the journal. | do have some mostly minor comments that | would like
to see addressed before publication.

Specific comments:

1) L15ff: There is some inconsistency here in first stating “a steady rate [of global warming] of around 0.02°C/decade since at
least 1970” and then mentioning an “apparent increase in warming rate”. This contradiction needs clarification to avoid
confusion by the reader.

2) Introduction: Please reference and discuss the recent literature relevant for this study (Min 2024,
https://doi.org/10.1038/s43247-024-01391-x; Jiang et al. 2024, https://doi.org/10.1038/s41598-024-52846-2; Cheng et al.
2024 https://doi.org/10.1007/s00376-024-3378-5).

3) L65: | assume this should be “annual mean corrections” in contrast to the monthly corrections.

4) L78ff: That year 1952 also shows an anomalously warm North Atlantic is not obvious from the correction map in Fig. 2c.
Please clarify.

5) L81: | suggest to move “(Figure 2b)” to the end of the sentence.



6) The major shortcoming of the study, as also acknowledged by the authors, is the lack of understanding of the mechanisms
of the strong surface warming in 2023. For instance, Min 2024 finds only a small contribution from EI Nino, i.e. the SST
pattern, for the global mean record temperatures but rather attribute the anomalous warming to anthropogenic factors.
Please expand your discussion in L97-104 to better address the potential causes of the 2023 record temperatures in general
and in the context of the most recent literature.

7) ltis confusing why the unit of the maps in Fig.2 is [milli°C] whereas itis [°C] in Fig. 1e-f and 2b. Please add a sentence to
the figure caption for clarification.

8) I am not fully convinced by how the CMIP models are used. The authors use 33 CMIP models for comparison to the
observational record(s), but for some models they use multiple realizations (i.e. the large ensemble) and for others they do
not. This mixes model differences and internal variability. | understand that the distinction is not too important for the
comparison to observations here, but using large ensembles or multiple realizations of ACCESS-ESM1-5, CanESMS5, EC-
Earth3-Veg, EC-Earth3, IPSL-CM6A-LR and MPI-ESM1-2-LR gives much more weight to these models than to the
individual realizations. | encourage the authors to check whether the observation-model comparison is sensitive to this
unintended model weighting by redoing the analyses with just the first ensemble member each. Further, | suggest to move
the model specification to the Supplementary Methods to the Methods of the main manuscript and to acknowledge/reference
the modeling groups similar to has been done for the observational datasets used.

** Visit Nature Research's author and referees' website at <a
href="http:/www.nature.com/authors">www.nature.com/authors</a> for information about policies, services and author
benefits**

Communications Earth & Environment is committed to improving transparency in authorship. As part of our efforts in this
direction, we are now requesting that all authors identified as ‘corresponding author’ create and link their Open Researcher
and Contributor Identifier (ORCID) with their account on the Manuscript Tracking System prior to acceptance. ORCID helps
the scientific community achieve unambiguous attribution of all scholarly contributions. You can create and link your ORCID
from the home page of the Manuscript Tracking System by clicking on ‘Modify my Springer Nature account’ and following the
instructions in the link below. Please also inform all co-authors that they can add their ORCIDs to their accounts and that
they must do so prior to acceptance.

https://www.springernature.com/gp/researchers/orcid/orcid-for-nature-research

For more information please visit http://www.springernature.com/orcid

If you experience problems in linking your ORCID, please contact the <a href="http://platformsupport.nature.com/">Platform
Support Helpdesk</a>.

Author Rebuttal letter: The author's response to these comments can be found at the end of this file.

Version 1:

Decision Letter:

** Please ensure you delete the link to your author home page in this e-mail if you wish to forward it to your coauthors **
Dear Dr Samset,

Your manuscript titled "2023 record temperatures consistent with steady global warming and sea surface temperature
variability" has now been seen by our reviewers, whose comments appear below. In light of their advice we are delighted to
say that we are happy, in principle, to publish a suitably revised version in Communications Earth & Environment.

We therefore invite you to revise your paper one last time to address the remaining concerns of our reviewers. At the same
time we ask that you edit your manuscript to comply with our format requirements and to maximise the accessibility and
therefore the impact of your work.

EDITORIAL REQUESTS:

Please review our specific editorial comments and requests regarding your manuscript in the attached "Editorial Requests
Table".

*****Please take care to match our formatting and policy requirements. We will check revised manuscript and return
manuscripts that do not comply. Such requests will lead to delays. *****



Please outline your response to each request in the right hand column. Please upload the completed table with your
manuscript files as a Related Manuscript file.

If you have any questions or concerns about any of our requests, please do not hesitate to contact me.
SUBMISSION INFORMATION:

In order to accept your paper, we require the files listed at the end of the Editorial Requests Table; the list of required files is
also available at https://www.nature.com/documents/commsj-file-checklist.pdf .

OPEN ACCESS:

Communications Earth & Environment is a fully open access journal. Articles are made freely accessible on publication. For
further information about article processing charges, open access funding, and advice and support from Nature Research,
please visit hitps://www.nature.com/commsenv/open-access

At acceptance, you will be provided with instructions for completing the open access licence agreement on behalf of all
authors. This grants us the necessary permissions to publish your paper. Additionally, you will be asked to declare that all
required third party permissions have been obtained, and to provide billing information in order to pay the article-processing
charge (APC).

Please use the following link to submit the above items:

Link Redacted

** This url links to your confidential home page and associated information about manuscripts you may have submitted or be
reviewing for us. If you wish to forward this email to co-authors, please delete the link to your homepage first **

We hope to hear from you within two weeks; please let us know if you need more time.

Best regards,
Alireza Bahadori, PhD

Associate Editor
Communications Earth & Environment

On behalf of

Sylvia Sullivan, PhD

Editorial Board Member

Communications Earth & Environment

REVIEWERS' COMMENTS:

Reviewer #1 (Remarks to the Author):

The authors have sufficiently answered the questions by all referees, in my opinion. The manuscript is acceptable for
publication in its current form.

Reviewer #2 (Remarks to the Author):

| don't have further comments.

Reviewer #3 (Remarks to the Author):

| thank the authors for the revision of their manuscript. | am happy with the revised version. | have only a technical minor
comment that can be easily fixed without another round of revisions (see below). | now recommend publication of the paper.

| spotted some inaccuracies in Table 2 with respect to the paper references on the climate model simulations used:

1) For CanESMS5 (currently N/A) the following paper should be cited:

Swart, N. C., Cole, J. N. S., Kharin, V. V., Lazare, M., Scinocca, J. F., Gillett, N. P., et al. (2019). The Canadian Earth System
Model version 5 (CanESM5.0.3). Geoscientific Model Development, 12(11), 4823—4873. https:/doi.org/10.5194/gmd-12-
4823-2019

2) For MPI-ESM1.2-HR, reference 51 is not the best. It should be replaced by the following:
Muller, W. A., Jungclaus, J. H., Mauritsen, T., Baehr, J., Bittner, M., Budich, R., et al. (2018). A Higher-resolution Version of



the Max Planck Institute Earth System Model (MPI-ESM1.2-HR). Journal of Advances in Modeling Earth Systems, 10(7),
1383—-1413. https://doi.org/10.1029/2017MS001217

3) Similarly, for MPI-ESM1.2-LR, reference 51 is not the best. It should be replaced by the following:

Olonscheck, D., Suarez-Gutierrez, L., Milinski, S., Beobide-Arsuaga, G., Baehr, J., Frob, F., et al. (2023). The New Max
Planck Institute Grand Ensemble with CMIP6 forcing and high-frequency model output. Journal of Advances in Modeling
Earth Systems, 15, €2023MS003790. https://doi.org/10.1029/2023MS003790

** Visit Nature Research's author and referees' website at <a
href="http:/www.nature.com/authors">www.nature.com/authors</a> for information about policies, services and author
benefits**

Author Rebuttal letter: The author's response to these comments can be found at the end of this file.

Open Access This Peer Review File is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were
made.

In cases where reviewers are anonymous, credit should be given to '"Anonymous Referee' and the source.

The images or other third party material in this Peer Review File are included in the article’s Creative Commons license,
unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

To view a copy of this license, visit hitps://creativecommons.org/licenses/by/4.0/



2023 record temperatures consistent with steady global warming and sea surface
temperature variability, Samset et al., 2024

Response to reviewers

We thank the reviewers for their time and their very helpful input on this manuscript. Details
of the revisions made to the main text and the supplement can be found below, but broadly
they consist of:

- Expanded discussion on the usage and validity of Green’s functions for this particular
analysis

- Improved discussion and citation of recent papers, including a number which were
published spring 2024

- Addition of a full CMIP6 model table in the main manuscript, including model
description paper references

On behalf of the authors, | again wish to thank the reviewers for their time.
Regards,
Bjgrn H. Samset, 2024-07-08

Reviewer #1 (Remarks to the Author):

Using a Green's function, the authors separate the contributions from long-term warming and
SST patterns to global mean temperature, to investigate if 2023 was exceptionally warm, or
within the range of internal variability. They conclude that 2023 was not exceptional, but
rather comparable to other record-breaking years, mainly due to ENSO resulting in a higher-
than-average global mean surface temperature.

The manuscript is well-written and will be a valuable addition to the literature. In particular, it
will contribute to the ongoing discussion about 2023 and whether or not the Earth system
started warming more rapidly than expected.

Thank you, we greatly appreciate this assessment.

My main concern relates to the use of the Green's function for this particular application. The
Green's function provides an estimate of the gradient dGSTA/dSST, but calculates it by
running a climate model to equilibrium. Could the authors comment on the following two
points?

1) How dependent are the results on the use of the Green's function of CESM compared to
other climate models, knowing that Green's functions differ between climate models?

There is clearly a model dependence in our method. We are working implementing a multi-
Green’s-Function version of our analysis, however for our purposes we do not expect this to
have a major influence. Other studies have shown that the overall response patterns, and
also the TOA fluxes and general atmospheric responses, to localized SST perturbations are
broadly similar between models. This will be further investigated by the Green’s Function
MIP project (https://doi.org/10.1029/2023MS003700), but initially, they find that the



https://doi.org/10.1029/2023MS003700

differences between current commonly used GFs may come both from model differences
and from differences in simulation setup. A subset of the same authors however also
conclude in a recent paper that “While we only use one GF developed from one AGCM in
this study, the general pattern of A is similar across models (Dong et al., 2019; Zhang et al.,
2023; Zhou et al., 2017).” (Alessi and Rugenstein; https://doi.org/10.1029/2023GL105795). A
is here the spatially resolved radiative feedback parameter, which correlates closely with the
surface temperature pattern response.

In the revised manuscript, we have acknowledged more clearly that our results are
dependent on the features of NCAR CESM1, and also the literature cited above:

Note that the results will depend on the detailed response of the CESM1 model to localized
SST perturbations, however other studies have shown that the general spatial pattern and
atmospheric dynamical features of such Green’s functions are broadly similar between
models®*.

2) The current Earth system is not in equilibrium, while the Green's function assumes it. That
is, the Green's function perturbs the SST at the start of the simulation, and after 40 years the
GSTA is averaged, when the system is in equilibrium. Is it really appropriate to use the
Green's function for year-to-year (or month-to-month) comparisons? In other words, how
important are the different timescales at play? For yearly averages, this is probably not an
issue, but | am not sure about monthly timescales.

This is an excellent point, and one we did spend a good deal of time considering when first
developing this methodology (Samset et al. 2022 ). In brief, yes, we do find that this usage
of GFs remains appropriate at monthly timescales, however we agree that it is not
immediately obvious.

A “top level” argument is that the method does identify known features from previous years,
such as El Nino/La Nina variations, including monthly variations through years. This is
apparent e.g. from Figure 1 in the present manuscript.

It could be, however, that the GFs, being equilibrium runs, project too strong responses, or
that the responses are stronger in a later month (a lagged response). We’ve investigated
both of these questions for previous publications®¢, using as a metric the amount of
interannual or inter-month variability filtered out by the method. The filtering was most
efficient using an unmodified strength, and for a lag of 0, indicating that the maximum
potential of the current method is indeed the “immediate response” assumption.

On a deeper level, what initially determines the rapid atmospheric response to an SST
variation will be the time scale of Rossby wave propagation. See e.g. Sardeshmukh and
Hoskins 19887, which shows how atmospheric dynamical responses broadly develop on a
sub-monthly scale. More recently, a publication based on the PDRMIP dataset (Stjern et al.
20239%) investigates the timescales of responses to CO2 and aerosols perturbations in
models of the same generation as our Green’s function (including CESM1, using both CAM4
and CAMb), for fixed-SST (and coupled) setup. Even for a perturbation originating in the
atmosphere, they find a near-surface heating response that is significantly evolved after a
month, and representative of the final, equilibrium pattern, while of course not yet being of full
strength.

This, in sum, convinces us that the overall patterns of SST variability on global mean
temperatures should be captured by the GF filtering method.


https://doi.org/10.1029/2023GL105795

We summarize this discussion in the revised manuscript as follows:

We note that the CESM1 derived GF used here has been documented to have very similar
response patterns to GFs produced with other models!. The applicability of equilibrium
simulations to capture monthly and interannual variability has been investigated for previous
publications®8. While the full atmospheric response will not be realized for monthly varying
SST patterns, the rapid timescales of Rossby wave train propagation and other dynamical
features means that the key features of a response do have time to develop 2.

Finally, it was not immediately clear to me what the maps in Fig.2 are showing. Is this the
product of the Green's function with the observed SST? So the global sum of this is the
pattern correction of GSTA? A few words on what exactly is shown, would help readers
understand the figure and results better.

Thanks, this was indeed not well described. We have added the following explanation to the
caption and the main text:

Maps show the product of the Green’s function and the observed SST pattern, such that the
total correction (globally or regionally) is the sum of all relevant grid boxes.

** Technical corrections **
L34 -- reword sentence; double use of "combination/combined"

Fixed. (Combined -> together)

Ref. 11 -- update reference

Fixed.

Reviewer #2 (Remarks to the Author):

The authors claim that although 2023 was the warmest year on record it is not unexpected
when accounting for steady global warming and SST pattern changes. | found it very difficult
to understand the figures and the analysis method. It is still unclear if | thoroughly understood
the analysis methods. The Green's function data is used to argue for the contribution of SST
pattern effect is not unprecedented. It is explicitly stated that the origin of SST pattern
change cannot be assessed from their study. However, the SST pattern change itself could
be the effect of aerosol forcing or unexpected greenhouse effect. The 2015/2016 also shows
similar accelerated warming from SST pattern effect associated with the ENSO, but this
similarity is not sufficient to preclude the growing effect of climate change. | wasn't convinced
with the paper.

We are aware that the present paper is quite dense, but note that it does build on two longer,
much more detailed publications that document the underlying method®>®. The revision,
hopefully, also fills some gaps; see our responses to reviewers 1 and 3.

Also, crucially, we note that our aim, as clearly stated, is not to prove that there is no
influence on 2023 temperatures from altered aerosol or greenhouse gas forcing. Quite the



opposite; by considering the influence of internal variability, we aim to help clarify what role
the two main anthropogenic factors have (as, indeed, we are doing in other publications and
projects such as the Regional Aerosol Model Intercomparison Project).

It is clear that any full diagnostic of the reasons for the 2023 warming must include both
natural and anthropogenic factors. Other publications have discussed aerosols, notably,
while ours targets the role of the SST pattern, which has been missing from the debate so
far. We are of course sorry that the reviewer is not convinced, but hope that on a second
reading the method can still be found to be reasonable. We look forward to continuing the
discussion of the full set of causes behind the 2023 record setting surface temperatures.

Reviewer #3 (Remarks to the Author):

Review of “2023 record temperatures consistent with steady global warming and sea surface
temperature variability” by Samset et al.

General comments:

Samset et al. show that the global mean record temperature observed in 2023 is in line with
steady global warming when correcting for the impact of the sea surface temperature pattern
based on a Green’s function. They show that the year 2023 was similarly anomalous than
previous EI-Nino years such as 2016, 1998, 1969 and 1952. To test this, the authors isolate
the global mean surface temperature anomalies from the SST patterns following Samset et
al., 2023. While the method is not new, its application to the last-years temperature record
with substantial media coverage is novel and of wide interest for the community and also the
public. | consider the statistical analyses as appropriate and valid. | congratulate the authors
on this concise and well-written study that is well suited for the journal. | do have some
mostly minor comments that | would like to see addressed before publication.

We thank the reviewer for this assessment of our manuscript.

Specific comments:

1) L15ff: There is some inconsistency here in first stating “a steady rate [of global warming] of
around 0.02°C/decade since at least 1970” and then mentioning an “apparent increase in
warming rate”. This contradiction needs clarification to avoid confusion by the reader.

Thanks, very good point. We have revised this by making the two sentences more clearly
linked:

Anthropogenic global warming, driven primarily by emissions of greenhouse gases, has
progressed at a broadly steady rate of around 0.2 °C/decade since at least 1970°. Recently,
however, several studies have also documented a minor step-up in the rate of global mean
surface temperature anomaly (GSTA) increase around 199091911 a continued rise in the
global energy imbalance'?, and an acceleration in accumulation of ocean heat content?s.

2) Introduction: Please reference and discuss the recent literature relevant for this study (Min
2024, https://doi.org/10.1038/s43247-024-01391-x; Jiang et al. 2024,
https://doi.org/10.1038/s41598-024-52846-2; Cheng et al. 2024
https://doi.org/10.1007/s00376-024-3378-5).



https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1038%2Fs43247-024-01391-x%3B&data=05%7C02%7Cb.h.samset%40cicero.oslo.no%7C6e96ccc84ba34af2568f08dc914fd788%7C87ea3ab60d34424ea0c4cda82a2494bc%7C0%7C0%7C638545022021195495%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=nAGRhW9%2By6duHb2i8iekYfoK1ierqYOELtVlpmWA2OE%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-024-52846-2%3B&data=05%7C02%7Cb.h.samset%40cicero.oslo.no%7C6e96ccc84ba34af2568f08dc914fd788%7C87ea3ab60d34424ea0c4cda82a2494bc%7C0%7C0%7C638545022021202090%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=0B9pr13hOvFelbkrZRZE%2FZep8Apx6%2FVwknjj%2B5ah60Y%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00376-024-3378-5&data=05%7C02%7Cb.h.samset%40cicero.oslo.no%7C6e96ccc84ba34af2568f08dc914fd788%7C87ea3ab60d34424ea0c4cda82a2494bc%7C0%7C0%7C638545022021208601%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=gLj0D8oTgkXvRnAYUaDiASNGRQEKSRVTznTZUhC7bHY%3D&reserved=0

Thanks, these are all highly relevant. We have added them to the discussion in the
introduction in the pertinent places (and further down, as suggested below by the reviewer).

3) L65: | assume this should be “annual mean corrections” in contrast to the monthly
corrections.

Partly; we were referring to the spread of monthly corrections, and also, in effect, the annual
means. The sentence has been clarified as follows:

In fact, when we select the four other years with strongest SST induced corrections (1952,
1969, 1998, 2016), their distributions of monthly corrections, as well as their overall annual
corrections, are very similar to 2023.

4) L78ff: That year 1952 also shows an anomalously warm North Atlantic is not obvious from
the correction map in Fig. 2c. Please clarify.

Thanks. The crucial missing word was “Tropical”. The subtropical North Atlantic indeed
varies more between the years. We have clarified that this referred to the Tropical North
Atlantic, where most of the early anomalous warming of 2023 occurred.

5) L81: | suggest to move “(Figure 2b)” to the end of the sentence.

Fixed.

6) The major shortcoming of the study, as also acknowledged by the authors, is the lack of
understanding of the mechanisms of the strong surface warming in 2023. For instance, Min
2024 finds only a small contribution from EI Nino, i.e. the SST pattern, for the global mean
record temperatures but rather attribute the anomalous warming to anthropogenic factors.
Please expand your discussion in L97-104 to better address the potential causes of the 2023
record temperatures in general and in the context of the most recent literature.

Thanks. The following was added to the discussion:

Other studies have recently investigated the role of pacific temperatures for the 2023 GSTA,
reaching seemingly differing conclusions 415, Our study indicates a marked role of El Nifio
through the latter part of 2023, consistent with Forster et al.'5.

7) It is confusing why the unit of the maps in Fig.2 is [milli°C] whereas it is [°C] in Fig. 1e-f
and 2b. Please add a sentence to the figure caption for clarification.

Done.

8) | am not fully convinced by how the CMIP models are used. The authors use 33 CMIP
models for comparison to the observational record(s), but for some models they use multiple
realizations (i.e. the large ensemble) and for others they do not. This mixes model
differences and internal variability. | understand that the distinction is not too important for the
comparison to observations here, but using large ensembles or multiple realizations of
ACCESS-ESM1-5, CanESM5, EC-Earth3-Veg, EC-Earth3, IPSL-CM6A-LR and MPI-ESM1-
2-LR gives much more weight to these models than to the individual realizations. | encourage
the authors to check whether the observation-model comparison is sensitive to this
unintended model weighting by redoing the analyses with just the first ensemble member
each.



This is a good point. We have included the ensembles for full consistency with a previous
publication, where the effects of ensemble sizes and internal variability in CMIP6 models are
explicitly discussed®. For the present manuscript, we have confirmed that the added
ensemble members do not influence our analysis beyond adding additional statistics. As our
aim here is to identify potential outlier years, we still wish to include as many members as
possible in the main analysis. However, we have acknowledged the point raised by the
reviewer in the main text:

Note that for some models, we use multiple ensemble members to further sample the effects
of internal variability. The overall conclusions are not influenced by this.

Further, | suggest to move the model specification to the Supplementary Methods to the
Methods of the main manuscript and to acknowledge/reference the modelling groups similar
to has been done for the observational datasets used.

Thanks; we agree that this is crucial. The requested table has been added, together with
references to model description papers and datasets.
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Samset et al., "2023 temperatures reflect steady global warming and internal sea surface
temperature variability”, 2" revision

Response to reviewers and editorial requests

We thank the reviewers and the editor again for their time and very helpful feedback. In this
revision, we have:

- Updated CMIP6 model references suggested by reviewer 3

- Changed the title and abstract as suggested by the editorial team

- Moved Supplementary Figures 1 and 2 up into the main manuscript, as also
suggested by the editorial team

The last change required some minor alterations to the text to keep the flow of the document.
See the tracked changes version for details. The figures have also been edited for visual
clarity. However, no scientific content or concrete results have been changed, or added, in
this revision. The discussion of the new figures was taken from the previous Supplementary
Materials.

On behalf of the authors,
Bjgrn H. Samset

Oslo, August 51, 2024
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