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Version 0: 

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 Capotondi, 

Your manuscript titled "A Global Overview of Marine Heatwaves in a Changing Climate" has now been seen by 2 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. 

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, 

Dr Alireza Bahadori 
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): 

Review of "A Global Overview of Marine Heatwaves in a Changing Climate" by Capotondi et al. 

This manuscript presents a review of recent advances on Marine Heatwave (MHW) research, with an emphasis on the study
of three-dimensional structure of MHWs. Other topics covered in the review are compound events and biogeochemical
extremes and predictability of MHWs. There are also sections focused on defining MHws and about MHWs in a changing
climate. 



Given the huge number of publications that are being produced nowadays around the important topic of MHWs, these
review works are necessary in order to discern the main lines of emerging results that are otherwise scattered. I therefore
commend the authors for this effort. The review is written clearly and concisely, although there could be a reorganization of
some of the sections with similar topics. I am thinking about the sections "Defining a marine heatwave" and "Marine
heatwaves in a changing climate", which could come one after the other in the text, as well as "Compound and cascading
events" and "Prediction of MHWs and associated biogeochemical extremes". 

The observation of MHWs other than with satellite data remains difficult, as it happens with many events that can occur
anytime, anywhere. Only institutions with a solid fleet of platforms (moored buoys, gliders, ship time etc) can dedicate the
needed effort to carefully study a MHW, as depicted in the example given in box 2, and which is out of reach of many
institutions. Given that MHWs can occur anywhere, and have far-reaching and cascading impacts, there needs to be a
concerted effort to improve our global capacity to measure MHWs and the state of the ocean in general, and not only at the
surface. A better knowledge of the state of the ocean at depth, including for example a sustained effort at deploying Deep
Argo floats, will form the basis for better models and forecasts, and will allow for the understanding of future changes. 

Another topic that I think requires attention is the detection of past MHW events, in order to understand how their rate and
intensity is changing. Past assessments at depth can only be done through the use of reanalyses, but there are several
reanalyses that provide diverging results for the state of the ocean in the past decades. Any MHW study that uses
reanalyses should be done with an informed choice on the options available, and this is even more true for any variable
other than temperature (i.e. for compound events), where the divergence (uncertainty) among model estimates is far greater. 

The two above topics are, in my opinion, of great importance in MHW research, but are only briefly, if at all, mentioned in this
work. 

Detailed comments: 

The starting 2 sentences of the manuscript "Marine heatwaves (MHWs) have dramatically impacted marine ecosystems and
ecosystem services over large areas of the world oceans. In this paper, we review the recent substantial advances in this
active area of research" seem to say that the paper focuses on the impact of MHWs on the ecosystem, and not on MHWs at
large, but the latter is true. 

Lines 162 to 168: in addition to the spatial and temporal resolution of the satellite SST datasets, the quality of the
interpolated datasets if one is using level-4 SST data also has to be considered, as it is the actual resolution (minimum
scales resolved by the dataset) which often differ from pixel size in these L4 estimates. 

Line 219: I was somehow surprised by the mention of paleoclimate proxies in this section. These estimates of past climate
lack the temporal and spatial resolution to effectively study MHWs, which are per definition short and localised. Reference
88 deals with with a time series from 1800 to present, which I would not classify as paleo. Reference 89 is about the present-
day effect of MHWs in foraminifera, which as noted by the authors lack the temporal resolution in paleo time series to study
MHWs in the past. 

Line 248-249: "Advection-driven MHWs typically have a smaller surface area, but last longer [21] and reach deeper [104]".
Reference 104 looks at one case study in Eastern Australia, so the sentence before should be modulated (i.e. may reach
deeper), or additional evidence should be provided to maintain the assertiveness of this sentence. 

Figure 2 shows a series of schemas on the evolution in time and space of MHWs, but some of them are perhaps too
schematic, failing to show what the authors claim. For example, figure 2f is said to show Ekman pumping and effect of
Rossby waves, and I fail to see any of these effects in this figure. 

Figure 6 is said to show widespread ocean warming, result of heat absorbed by the ocean (line 476-477), but this figure
shows projections of MHW changes in the coming decades. 

Box 2. This box is mentioned in the text as "novel ideas for integrated observing systems". As far as I see it, this is a
multiplatform study of a specific event, as there have been others to monitor for example, submesoscale variability in a
region. But I fail to see what is novel with this approach, in the frame of MHW study. In addition, the data are shown, but there
is no indication on how these data have helped monitor MHWs: maybe showing anomalies, or MHW status in the time series
of panel e would be more adequate. A box showing the location of panel b should be included in panel a. What is the source
of SST data in panel a? What do the Argo profiles show? Again, maybe anomalies should be shown in order to reinforce the
value of these measures in the monitoring of MWHs. A useful discussion in this box would be how MHWs could be
monitored using only partial observations. As I mentioned above, it is rare that such a vast amount of different data sources
are available to everyone, and more often than not scientists have to perform their monitoring using only 1 or 2 of these kind
of data, so what are the lessons learned from these exercises? What is the best strategy to monitor MHWs with few
observations? 

Reviewer #2 (Remarks to the Author): 

Review of "A Global Overview of Marine Heatwaves in a Changing Climate” 



Authors: Capotondi et al. 

Recommendation: Minor Revisions 

I have a positive opinion of this paper. There have been previous reviews of marine heatwaves (MHWs), as noted on line 84,
but the present paper represents a meaningful contribution to the growing body of work on the topic. It includes a wealth of
references and clear writing. My comments that follow represent not serious concerns but rather thoughts for the authors to
consider in revision, without making the paper too much longer. 

I feel there should be greater recognition that the processes responsible for the onset of MHWs are not necessarily the same
as those responsible for their maintenance. This can be especially the case for MHWs that persist over multiple seasons.
For example, and at least at middle and higher latitudes, anomalous insolation tends to be a much more important driver in
summer rather than winter. Schmeisser et al. (JGR, 2019) represents an example of a paper dealing with both the onset and
maintenance phases of the NE Pacific MHW of 2014-2016. On a somewhat related matter, do marine “cold snaps” resemble
the antithesis of MHWs? I realize that what I am discussing here is treated in the present text in lines 235-254, but I think that
treatment can be fleshed out, especially regarding atmosphere-ocean feedbacks. An exception here is ENSO; I do not feel
that the authors need to belabor ENSO dynamics in the present paper. 

The paper includes some material on our present limitations in predicting MHWs but again, perhaps some more
details/examples can be covered without adding too much new material. I expect most readers would be interested in
whether present predictions are limited more by lack of key observations or our modeling capabilities. Of course this is liable
to be regionally-dependent, but perhaps there are studies available to be used as examples. 

The effects of climate change on MHWs is an interesting subject, and the authors have an effective section of the paper
devoted to the subject. It bears mentioning that there are some relevant papers (e.g., Schmeisser et al. ESS Open Archive,
2020; Qiu et al., DSR-II, 2021) that could be briefly summarized. Along the lines of an above comment, I feel that potential
changes in atmosphere-ocean interactions could have important consequences for the nature and frequency of MHWs.
Conversely, as mentioned in recent papers, the impacts of MHWs on the atmosphere (particularly boundary layer clouds),
and for that matter, marine ecosystems may provide valuable lessons on probable changes accompanying the overall
climate. The paper includes a brief statement on this matter in the last sentence of the Introduction, but it might be worthwhile
to say a bit more on the subject, perhaps with a couple of examples. 

MHWs are being recognized as potential sources of predictability for extended weather forecasts. NOAA/CPC incorporates
information on anomalous SSTs in their 3-4 week forecasts for Hawaii, and ocean temperatures along the US west coast are
being used in seasonal weather predictions for the Pacific Coast states, as indicated in recent seasonal prognostic
discussions. Conceivably the authors should mention this growing practice. 

A small point here: evaluation of sub-surface forecasts from J-SCOPE for the coastal waters of the Pacific Northwest indicate
a modest level of skill above persistence (Siedlecki et al., 2016 and 2023). So I feel that line 434 may be overstating the
case. 

** 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>. 

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 Capotondi, 

Your manuscript titled "A Global Overview of Marine Heatwaves in a Changing Climate" 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 https://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 

REVIEWERS' COMMENTS: 

Reviewer #1 (Remarks to the Author): 

I thank the authors for their detailed response to my comments. There are nor further modifications needed. 

Reviewer #2 (Remarks to the Author): 

I am of the opinion that this a valuable review of marine heat waves that will be of interest to the readers of Communications



Earth & Environment. 

** 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**

Open Access This Peer Review File is licensed under a Creative Commons Attribution 4.0 International License, which
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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 https://creativecommons.org/licenses/by/4.0/



Responses to Reviewer 1 
 
This manuscript presents a review of recent advances on Marine Heatwave (MHW) research, with 
an emphasis on the study of three-dimensional structure of MHWs. Other topics covered in the 
review are compound events and biogeochemical extremes and predictability of MHWs. There are 
also sections focused on defining MHws and about MHWs in a changing climate. 
Given the huge number of publications that are being produced nowadays around the important 
topic of MHWs, these review works are necessary in order to discern the main lines of emerging 
results that are otherwise scattered. I therefore commend the authors for this effort. The review is 
written clearly and concisely, although there could be a reorganization of some of the sections with 
similar topics. I am thinking about the sections "Defining a marine heatwave" and "Marine 
heatwaves in a changing climate", which could come one after the other in the text, as well as 
"Compound and cascading events" and "Prediction of MHWs and associated biogeochemical 
extremes".  
We thank the reviewer for their positive and constructive comments.  
The layout of the various sections emerged after careful considerations by our group regarding the 
content of each section and the overall paper structure. Since the influence of climate change on 
MHWs is a theme that is touched upon in several of the sections, as reflected in the title, it seemed 
appropriate to have a section summarizing the major aspects of this topic at the end of the paper, 
to lead the way to the “Summary and future perspectives”. Concerning the “Prediction of MHWs 
and associated biogeochemical extremes” section, we see the reviewer’s point about having that 
section after the section on “Compound events”. However, since most prediction systems use 
climate models, discussing the performance of current climate models in the representation of 
MHWs seems preferable prior to discussing MHW prediction. For these reasons, we have decided 
to keep the current paper layout.  
 
The observation of MHWs other than with satellite data remains difficult, as it happens with many 
events that can occur anytime, anywhere. Only institutions with a solid fleet of platforms (moored 
buoys, gliders, ship time etc.) can dedicate the needed effort to carefully study a MHW, as depicted 
in the example given in box 2, and which is out of reach of many institutions. Given that MHWs 
can occur anywhere, and have far-reaching and cascading impacts, there needs to be a concerted 
effort to improve our global capacity to measure MHWs and the state of the ocean in general, and 
not only at the surface. A better knowledge of the state of the ocean at depth, including for example 
a sustained effort at deploying Deep Argo floats, will form the basis for better models and 
forecasts, and will allow for the understanding of future changes. 
We agree with the reviewer’s assessment that to study phenomena that can occur anytime, 
anywhere more concerted efforts are needed to improve our global capacity to observe the ocean 
both at the surface and in the subsurface. We have a whole section dedicated to observations 
needed for MHW research. In this section, we highlight the “transformative capability provided 
by Argo floats”, while also mentioning the caveats of these measurements, including, e.g., their 
limited temporal resolution (preventing MHW detection at daily timescales), and their limited 
ability to provide measurements near the coast, where MHWs may be more impactful on marine 
ecosystems and coastal communities. We also now emphasize in the “Summary and Future 
Perspective” section the need for concerted effort to measure the ocean and MHWs, using some 
of the language suggested by the reviewer: 



“Given that MHWs can occur anytime, anywhere, concerted efforts to improve our global capacity 
to observe the state of the ocean both at the surface and in the subsurface are needed to properly 
monitor MHWs and their cascading impacts, as well as to constrain ocean reanalyses and assess 
model performance. Sustained observations, both globally (e.g., satellite, (deep-)Argo) or 
regionally (e.g., moorings), in conjunction with ocean reanalyses and long time series from 
empirical models, are necessary to monitor long-term changes in ocean properties and robustly 
assess the statistics of extreme warm events relative to those long-term changes.” (Lines 582-589) 
 
Another topic that I think requires attention is the detection of past MHW events, in order to 
understand how their rate and intensity is changing. Past assessments at depth can only be done 
through the use of reanalyses, but there are several reanalyses that provide diverging results for 
the state of the ocean in the past decades. Any MHW study that uses reanalyses should be done 
with an informed choice on the options available, and this is even more true for any variable other 
than temperature (i.e. for compound events), where the divergence (uncertainty) among model 
estimates is far greater. The two above topics are, in my opinion, of great importance in MHW 
research, but are only briefly, if at all, mentioned in this work.  
We have a paragraph discussing the use of reanalyses for MHW studies in the section on 
Observations. In this paragraph, we also point out some of the limitations that reanalyses have. In 
light of the reviewer’s comment, we have modified the paragraph to also highlight the use of 
reanalyses to study past event, and to mention that they may differ among each other. The updated 
paragraph now reads: ”To overcome issues associated with sparse and inconsistent observations, 
and to extend the analysis of MHWs back to the pre-satellite era, many studies have leveraged 
ocean reanalyses—models constrained by observations through data assimilation— to understand 
MHW drivers and dynamical processes, and analyze MHW characteristics at both the ocean 
surface and in the subsurface. Ocean reanalyses offer uniform data coverage in time and space, 
in some cases at high-resolution (e.g., GLORYS12v11), thus also facilitating the characterization 
of MHWs on continental shelves. Reanalysis products are subject to model errors and biases, and 
may differ in their representation of MHWs over past decades (e.g., Castillo-Trujillo, 2023). Thus, 
they should be used with care to study extremes, especially in areas where limited observations 
were assimilated (e.g., the deep ocean or shelf regions). Some variables, like biogeochemical 
properties, are significantly less constrained by observations than physical quantities like 
temperature.” (Lines 211-221) 
 
 
Detailed comments: 

The starting 2 sentences of the manuscript "Marine heatwaves (MHWs) have dramatically 
impacted marine ecosystems and ecosystem services over large areas of the world oceans. In this 
paper, we review the recent substantial advances in this active area of research" seem to say that 
the paper focuses on the impact of MHWs on the ecosystem, and not on MHWs at large, but the 
latter is true.  

We agree with the Reviewer that the first sentence of the abstract seems to imply that the focus of 
the review paper will be primarily on impacts. Of course, impacts are an important motivation to 
study the dynamics and predictability of these extreme events. We have modified the first sentence 
as:” Marine heatwaves (MHWs) have profoundly impacted marine ecosystems over large areas of 



the world oceans, calling for improved understanding of their dynamics and predictability.” 
(Lines 52-53). 

Lines 162 to 168: in addition to the spatial and temporal resolution of the satellite SST datasets, 
the quality of the interpolated datasets if one is using level-4 SST data also has to be considered, 
as it is the actual resolution (minimum scales resolved by the dataset) which often differ from pixel 
size in these L4 estimates.  
This is a good point. To account for the reviewer’s comment, we have modified the paragraph to 
say “However, different datasets will have varying temporal and spatial resolutions, different 
interpolation accuracies, and/or may be sporadic and contain data gaps.” (Lines 163-165) 
 
Line 219: I was somehow surprised by the mention of paleoclimate proxies in this section. These 
estimates of past climate lack the temporal and spatial resolution to effectively study MHWs, 
which are per definition short and localised. Reference 88 deals with with a time series from 1800 
to present, which I would not classify as paleo. Reference 89 is about the present-day effect of 
MHWs in foraminifera, which as noted by the authors lack the temporal resolution in paleo time 
series to study MHWs in the past.  
There are ongoing efforts to use proxy data for this purpose, but we agree with the reviewer that 
their applicability for the study of MHWs is currently limited, primarily due to limited time 
resolution and spatial coverage. As a result, we have removed the paragraph on proxy data, which 
also helped manage the paper length. 
 
Line 248-249: "Advection-driven MHWs typically have a smaller surface area, but last longer [21] 
and reach deeper [104]". Reference 104 looks at one case study in Eastern Australia, so the 
sentence before should be modulated (i.e. may reach deeper), or additional evidence should be 
provided to maintain the assertiveness of this sentence.  
We agree with the reviewer. We have modified the text as suggested by the reviewer (“they may 
reach deeper”). (Lines 248-249) 
 
Figure 2 shows a series of schemas on the evolution in time and space of MHWs, but some of them 
are perhaps too schematic, failing to show what the authors claim. For example, figure 2f is said 
to show Ekman pumping and effect of Rossby waves, and I fail to see any of these effects in this 
figure.  
Panel 2f intends to show subsurface warming occurring as a result of vertical movements of the 
thermocline. This vertical movement may occur through localized Ekman pumping or through the 
passage of Rossby waves. Fig. 2f specifically illustrates, schematically, the Rossby wave passage. 
We have moved the reference to Fig. 2f immediately after mentioning Rossby wave passage to 
make a clearer connection to what is shown. (Line 294-295) 
 
Figure 6 is said to show widespread ocean warming, result of heat absorbed by the ocean (line 
476-477), but this figure shows projections of MHW changes in the coming decades.  
The reviewer is right. We have changed the first sentence of the section on Marine heatwaves in a 
changing climate to be consistent with what is shown in Fig. 6a, as well as updating a reference: 
“The ocean has stored more than 90% of the excess heat (Forster et al. 2024) that has accumulated 
in the Earth System due to human-induced increases in radiative forcing agents, resulting in ocean 



warming that is projected by climate models to become large and widespread by the end of the 
century (Fig. 6a).” (Lines 477-479) 
 
Box 2. This box is mentioned in the text as "novel ideas for integrated observing systems". As far 
as I see it, this is a multiplatform study of a specific event, as there have been others to monitor 
for example, submesoscale variability in a region. But I fail to see what is novel with this approach, 
in the frame of MHW study. In addition, the data are shown, but there is no indication on how 
these data have helped monitor MHWs: maybe showing anomalies, or MHW status in the time 
series of panel e would be more adequate. A box showing the location of panel b should be 
included in panel a. What is the source of SST data in panel a? What do the Argo profiles show? 
Again, maybe anomalies should be shown in order to reinforce the value of these measures in the 
monitoring of MWHs. A useful discussion in this box would be how MHWs could be monitored 
using only partial observations. As I mentioned above, it is rare that such a vast amount of different 
data sources are available to everyone, and more often than not scientists have to perform their 
monitoring using only 1 or 2 of these kind of data, so what are the lessons learned from these 
exercises? What is the best strategy to monitor MHWs with few observations?  
 
We agree with the reviewer’s point about the novelty of the observing system displayed in Box 2. 
We mentioned “novel ideas” in the Summary and Future Perspectives section. We have modified 
that sentence to say: ”On the observational side, multi-platform systems capable of providing the 
three-dimensional structure of MHWs in near real-time are now emerging (Box 2).” (Lines 536-
538) 
 
We have also modified the figure in Box 2, following the reviewer’s suggestion. In panel a, we 
have adapted the original image of SST percentiles available through Australia’s Integrated Marine 
Observing System (IMOS) OceanCurrent. This is the web platform that allows for accessible 
visualizations of marine heatwave detection around Australia and available near real time 
observations through IMOS. We have updated the colormap so that extremely warm areas are in 
dark red and we have enhanced the visibility of the data sources available in near real time at the 
peak of the event on 19 February.  

While this example displays how multiple platforms can be used to monitor a specific event, these 
observational platforms and visualizations are available for temperature monitoring in the Great 
Barrier Reef and adjacent Coral Sea during other marine heatwaves as well. We further emphasize 
in Box 2 that the example displayed in the Box is just an illustration of the use of this multi-
platform system.  

Following the reviewer’s suggestion, now the area displayed in panel b is indicated by a box in 
panel a, and the SST dataset used to produce panel a is indicated in the text. Please note that the 
SST dataset has been cited as IMOS2024a. 
 
In panel c, we have modified the Argo temperature profiles so that they are shown as temperature 
anomalies for different days, based on the CSIRO Atlas of Regional Seas (CARS2009) 
temperature climatology (0.5° horizontal resolution). This climatology has been used to produce 
visualization of the near real time Argo temperature and salinity anomaly profiles displayed on 
IMOS OceanCurrent. The temperature climatology for each of the four days corresponded to the 



same grid pixel but only varied subtly in time and so differences in the temperature climatology 
profiles are not evident in the left panel. The right panel illustrates how the Argo profiles revealed 
positive temperature anomalies near the surface but the vertical structure of anomalies varied 
considerably with depth, an aspect requiring further investigation for marine heatwaves detected 
at the surface. 
 
In panel e, the near real time, near-surface temperature time series from the NRSYON mooring 
station had gaps in relatively recent data (from 2013, as now noted in the panel legend). So instead 
of constructing a climatology from a recent reference period and for consistency with panel a, we 
have included the night-time based, daily climatology from the SST Atlas of Australian Regional 
Seas (SSTAARS) at that location (red dashed line). We have also indicated the period 
corresponding to MHW conditions based on satellite imagery at this location, as the reviewer 
suggested. We have chosen to display the absolute temperatures rather than anomalies, as the 
seasonal cycle and the timing of the summer maximum is an important aspect for evaluating 
thermal stresses on marine ecosystems.   
 
In terms of lessons learned, one of the transformative ways in which IMOS and AIMS, Australia’s 
national tropical marine agency, has supported understanding of marine heatwaves is through long-
term, sustained observations, critical for the definition of a climatology, and also, more recently, 
through rapid deployment of agile observing technologies (gliders) or simple temperature loggers. 
Such a rapid response to collect data is critical for informing stakeholders on the state of a marine 
heatwave so that in-water temperature observations can be linked with ecological impacts. Here 
we are trying to illustrate how a multi-platform and integrated system can be used to successfully 
monitor marine heatwaves in near real time. The need for both sustained observations and systems 
that can be rapidly deployed was already stressed in the “Summary and Future Perspectives” 
section.  
 
Finally, we also agree with the reviewer about the importance of identifying the observations that 
are most essential to measure MHWs. In the “Summary and Future Perspectives” section we have 
added the sentence: “Such multi-platform systems, however, may not be feasible everywhere. 
Assessing which observations can most effectively monitor MHWs in different regions is a critical 
issue that the MHW community must address.” (Lines 591-593) 
 
 

Responses to Reviewer 2 

I have a positive opinion of this paper. There have been previous reviews of marine heatwaves 
(MHWs), as noted on line 84, but the present paper represents a meaningful contribution to the 
growing body of work on the topic. It includes a wealth of references and clear writing. My 
comments that follow represent not serious concerns but rather thoughts for the authors to consider 
in revision, without making the paper too much longer.  
 
We thank the reviewer for their positive and constructive evaluation of our paper.  
 



I feel there should be greater recognition that the processes responsible for the onset of MHWs are 
not necessarily the same as those responsible for their maintenance. This can be especially the case 
for MHWs that persist over multiple seasons. For example, and at least at middle and higher 
latitudes, anomalous insolation tends to be a much more important driver in summer rather than 
winter. Schmeisser et al. (JGR, 2019) represents an example of a paper dealing with both the onset 
and maintenance phases of the NE Pacific MHW of 2014-2016. On a somewhat related matter, do 
marine “cold snaps” resemble the antithesis of MHWs? I realize that what I am discussing here is 
treated in the present text in lines 235-254, but I think that treatment can be fleshed out, especially 
regarding atmosphere-ocean feedbacks. An exception here is ENSO; I do not feel that the authors 
need to belabor ENSO dynamics in the present paper.  
We thank the reviewer for bringing to our attention the processes that could contribute to the 
maintenance of the initial SST anomalies. This is indeed an important point. In response to the 
reviewer’s comment, we have added a sentence at the end of the paragraph highlighted by the 
reviewer, where we state: “Changes in atmospheric-ocean interactions, including positive cloud 
feedbacks (reduction of low-cloud cover leading to enhanced insolation), in response to the initial 
SST anomalies, may contribute to the maintenance and intensification of those anomalies, and 
increase their persistence, as documented for long-lasting events in the northeast Pacific (Myers 
et al. 2018; Schmeisser et al. 2019).” (Lines 254-257) 
We also note that marine “cold spells” were not discussed in the paper, as we decided to focus on 
warm extremes. 
 
The paper includes some material on our present limitations in predicting MHWs but again, 
perhaps some more details/examples can be covered without adding too much new material. I 
expect most readers would be interested in whether present predictions are limited more by lack 
of key observations or our modeling capabilities. Of course this is liable to be regionally-
dependent, but perhaps there are studies available to be used as examples.  
There are many studies that have examined SST prediction, but fewer that have considered the 
prediction of the extreme SST values. For conciseness, we have discussed here the latter examples 
at a global scale. Regional studies are strongly affected by data used as boundary conditions and 
surface forcing, so making general statements on the predictability of events is difficult. However, 
the point raised by the reviewer, concerning the cause for limited prediction skill, is a very 
important one. In the context of global climate models, this issue mainly involves inherent 
predictability of the extreme SST anomalies vs. models’ ability to properly capture the sources of 
that predictability. For example, in the Northeast Pacific, stochastic atmospheric forcing (the 
unpredictable part) seems to have significantly contributed to the onset of the Blob and controlled 
its initial amplitude, although large-scale modes of variability (like decadal variability and ENSO) 
appear to have promoted the development of the anomalies (Holbrook et al., 2019; Capotondi et 
al. 2022), and influenced their evolution and persistence (Di Lorenzo and Mantua, 2016; Xu et al. 
2021). An important challenge in MHW prediction is to assess the predictable part, and ensure that 
models capture those drivers realistically. The need to assess models’ ability to capture the relevant 
processes in the context of MHW prediction and projection is highlighted in the Summary and 
Future Perspectives section. (Lines 548-559) 
 
The effects of climate change on MHWs is an interesting subject, and the authors have an effective 
section of the paper devoted to the subject. It bears mentioning that there are some relevant papers 
(e.g., Schmeisser et al. ESS Open Archive, 2020; Qiu et al., DSR-II, 2021) that could be briefly 



summarized. Along the lines of an above comment, I feel that potential changes in atmosphere-
ocean interactions could have important consequences for the nature and frequency of MHWs. 
Conversely, as mentioned in recent papers, the impacts of MHWs on the atmosphere (particularly 
boundary layer clouds), and for that matter, marine ecosystems may provide valuable lessons on 
probable changes accompanying the overall climate. The paper includes a brief statement on this 
matter in the last sentence of the Introduction, but it might be worthwhile to say a bit more on the 
subject, perhaps with a couple of examples.  
Thanks for raising this issue. We briefly (due to word limit constraints) mention the possible 
influence of MHWs on cloud feedbacks toward the end of the “Summary and Future Perspectives” 
section, suggesting the importance of exploring the possible influence of MHWs on the Earth’s 
radiation budget (Lines 577-578). We have added the reference to Schmeisser et al. (2019), as 
suggested by the reviewer. However, since Schmeisser et al. (2020) is a preprint from four years 
ago, and is not peer-reviewed, we did not include it. Qiu et al. (2021) seems to be primarily focused 
on the representation of MHWs in CMIP models and future changes in basic MHW metrics. We 
have added the Qiu et al. (2021) reference in the section on “Climate models representation of 
MHWs”. (Line 379) 
 
MHWs are being recognized as potential sources of predictability for extended weather forecasts. 
NOAA/CPC incorporates information on anomalous SSTs in their 3-4 week forecasts for Hawaii, 
and ocean temperatures along the US west coast are being used in seasonal weather predictions 
for the Pacific Coast states, as indicated in recent seasonal prognostic discussions. Conceivably 
the authors should mention this growing practice.  
SST anomalies are clearly important for subseasonal forecasts. In particular, SST anomalies in the 
tropical Pacific, especially those related to ENSO (whose positive phase can be viewed as a MHW) 
have always provided an important source of predictability for US West Coast conditions. 
However, it is not clear how MHWs in other regions can affect week 3-4 forecasts, and whether 
other agencies exploit SST anomalies related to MHWs for their forecasts. We found it hard to 
include such information, without proper citation, in the context of this paper, also considering the 
space limitations. Thus, we have not included the reviewer’s suggestion.  
 
A small point here: evaluation of sub-surface forecasts from J-SCOPE for the coastal waters of the 
Pacific Northwest indicate a modest level of skill above persistence (Siedlecki et al., 2016 and 
2023). So I feel that line 434 may be overstating the case.  
We thank the reviewer for this comment. In this section, we specifically focus on the prediction of 
extremes. In the line 434 of the original manuscript highlighted by the reviewer, we made a general 
statement about prediction skill of subsurface MHWs globally (“subsurface skill outside the 
tropics is primarily due to persistence”). Here, “primarily” implies that this is not necessarily true 
everywhere, but in some areas, prediction skill may exceed persistence. This can be expected to 
be especially true for modeling efforts focusing over a small region and heavily constrained by 
observations, like J-SCOPE.  
 

 

 
 



We thank both anonymous reviewers for their final positive comments and for accepting our 
manuscript.  
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