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We thank the reviewer for their careful reading and for the useful com-
ments on the manuscript.

Smolders et al. make use of a multi-century eddy-permitting ocean sim-
ulation with North Atlantic freshwater forcing to analyze the relationship
between the Atlantic Meridional Overturning Circulation (AMOC) and the
Southern Ocean Mode (SOM). First, I would like to note that I do not have
a formal background in oceanography. Nevertheless, I greatly enjoyed read-
ing this study and found it highly interesting. In particular, we have also
observed a strong relationship between AMOC variability and Antarctic Cir-
cumpolar Current (ACC) variability (positive correlation) in our paleo-forced
ocean simulation. While the model configuration we used is coarse (1° resolu-
tion), the similarity of this relationship with the eddy-permitting configuration
presented here may provide further support for further investigation. This re-
lationship may be linked to historical atmospheric forcing that synchronizes
ocean variability between the North Atlantic and Southern Ocean, or to other
dynamical mechanisms. Additionally, we found similarities between temper-
ature changes in the Pacific and ACC variability. Overall, I found the study
very clear in its choice of diagnostics, and the results are presented in a log-
ical way. However, I believe the manuscript would benefit from additional
clarifications and further discussion of several aspects, particularly regarding
the emergence of deep convection activity in the Pacific. My specific com-
ments are listed below:

Thank you for this overall assessment.
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Specific comments:

1. Line 151. At the end of the simulation, when the AMOC is strongly
reduced relative to the initial state, an increased SST variability is ob-
served in the Pacific sector of the Southern Ocean, while decreased vari-
ability is observed in the Atlantic sector. One possible interpretation is
that the increased variability in the Pacific sector may be related to a
weaker or more relaxed ACC, potentially allowing enhanced meridional
heat exchanges. A discussion of the role of the ACC in this context
would be valuable. In addition, examining the relationship with Ross
Gyre variability could help clarify the mechanisms involved. Similarly,
an analysis of the Weddell Gyre dynamics would help explain the re-
duced variability in the Atlantic sector.

Author’s reply:

We agree with the reviewer that a detailed analysis on the possible role
of the ACC in deep convection would be a valuable addition to the
manuscript. The relationship with the Ross Gyre and Weddel Gyre
dynamics, and deep convection would also be a great addition, but
both are outside the scope of the current study.

Changes in manuscript:

We will include a more detailed discussion on the possible role of the
ACC in the deep convection events.

2. Figure 3. If I understand correctly, the subsurface warming and deep
ocean cooling, along with increased salinity at subsurface and fresher
conditions at depth, are consistent with a weakening of the overturning
circulation. It would be helpful to include a more detailed explanation of
the mechanisms responsible for the simulated temperature and salinity
changes, rather than relying primarily on references to previous studies,
to improve accessibility for readers.

Author’s reply:

Indeed, the substantially weakened AMOC leads to a pronounced re-
duction in meridional heat transport (van Westen et al., 2025), re-
sulting in the accumulation of heat in the Southern Hemisphere ocean

2



interior (up to 1000m) north of the ACC. As the AMOC transports salt
northward, a strong reduction in strength will lead to salt convergence
in the South Atlantic. The freshening and slight cooling of the deep
oceans are related to a reduced formation of North Atlantic Deep Water
(NADW), which is characterised by relatively high salinity compared
to deep ocean waters. Hence, a reduced formation of NADW leads to
freshening and slight cooling of the deep Atlantic, where also the fresh
and cool Antarctic Bottom Water may become more dominant.

• van Westen, R. M., Kliphuis, M., & Dijkstra, H. A. (2025).
Collapse of the Atlantic meridional overturning circulation in a
strongly eddying ocean-only model. Geophysical Research Letters,
52(6), e2024GL114532.

Changes in manuscript:

We will provide a more detailed explanation of the mechanisms respon-
sible for the temperature and salinity changes in the revised text.

3. Line 198. The increase in potential energy toward the end of the sim-
ulation is somewhat ”surprising”. Instead of computing potential en-
ergy using a fixed reference density, would it be more appropriate to
use a time-varying density reference to better capture changes in multi-
decadal variability?

Author’s reply:

Using a time-varying density reference would likely result in an inter-
polation between the cyan lines already shown in the figure. The idea
behind using both a time-varying ρref for the individual SOM cycles,
and a constant ρref over the full simulation period is to highlight that
the choice of ρref can influence the magnitude of P .

Changes in manuscript:

We will explain and justify the choice for the fixed reference density
better in the revised paper.

4. Line 207. Related to one of my previous comments, a discussion of
the relationship between ACC strength and the non-zonality parameter
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would be useful here, as this could help clarify the dynamical interpre-
tation of the results.

Author’s reply:

Indeed, the mean reduction of the ACC or a shift in its position could
lead to increased meandering of the zonal flow, thereby increasing the
non-zonality parameter. We agree that a more elaborate discussion of
this relationship would be useful.

Changes in manuscript:

We will rewrite Section 3.3 to better explain this.

5. Deep convection section. The final section of the manuscript, which
discusses deep convection, is particularly interesting but raises several
questions (not concerns!). The emergence of deep convection activity in
the Pacific sector is not entirely clear to me. For example: Why is the
NZ region characterized by large stratification changes? How do these
stratification changes contribute to the increased SST variability in the
Pacific sector shown in Figure 2? How are these stratification changes
related to ACC strength and Ross Gyre dynamics (including strength,
position, and extent)? Further clarification of these mechanisms would
greatly strengthen this section.

Author’s reply:

We agree with the reviewer that the mechanisms underlying the stratifi-
cation changes and multidecadal variability should be clarified in more
detail. We extended our analysis by studying the change in density,
salinity, temperature, and N2 in and north of the convective regions. We
find that the stratification changes in the NZ region reflect a salinity-
driven reorganisation of water masses (Figure R1), consistent with a
possible downward displacement/reorganisation of Antarctic Interme-
diate Water (AAIW) and a reduced influence or deepening of Circum-
polar Deep Water (CDW). The negative stratification anomalies in the
upper 100 m in Figure 8a in the manuscript are closely associated with
the onset of multidecadal oscillation in the NZ region. Note that this
interpretation of Southern Ocean water mass changes remains specu-
lative, as a complete understanding of the underlying mechanisms and
pathways would require a detailed water mass budget, which is beyond
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the scope of this study, as is the relationship between the stratification
changes and the Ross and Weddell Gyre dynamics. However, the con-
sistent salinity-driven stratification changes support our interpretation
in terms of a reorganisation of AAIW and CDW, and we will mention
the possible influence of the Ross and Weddell Gyre dynamics in the
revised manuscript.
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a) NZ convective region
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b) WGKP convective region
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c) AU convective region
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d) PA convective region
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Figure R1: Zonally averaged N2 anomalies in SO30 convective re-
gions. (a) Zonally averaged (150◦E – 170◦E) N2 in the NZ convective region
(model year (500 – 600) minus (1 – 100)). (b) Same as (a), but now zon-
ally averaged over the WGKP convective region (35◦W – 80◦W), (c) for the
AU convective region (80◦E – 150◦E), and (d) for the PA convective region
(110◦W – 160◦W). The solid (dashed) black lines denote zonally averaged
isopycnals of model year 1 – 100 (500 – 600). Plotted isopycnals are (from
top to bottom): 1027.0, 1027.5, and 1027.7 kg/m3. The grey vertical lines
denote the meridional boundaries of the respective convective regions.

Changes in manuscript:

We will include a more detailed explanation on the potential sources of
the stratification changes in the revised manuscript.
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6. Coupled ocean-atmosphere feedback. The large oceanic changes asso-
ciated with the weakening of the AMOC (likely) have important at-
mospheric consequences. Through coupled ocean-atmosphere feedback,
these oceanic changes could be amplified or damped. I believe the con-
clusion section would benefit from a discussion of these coupled feed-
back, particularly regarding potential atmospheric responses (e.g., wind
changes) and their influence on Southern Ocean circulation and vari-
ability.

Author’s reply:

We agree that a discussion of possible coupled ocean-atmospheric feed-
backs would be a valuable addition. In particular, multi-decadal vari-
ability of the Southern Ocean temperatures or sea-ice extent may be
linked to variability such as the Interdecadal Pacific Oscillation (IPO)
through atmospheric teleconnections (e.g. Chang et al. (2020), Meehl
et al., (2019)).

• Chang, P., Zhang, S., Danabasoglu, G., Yeager, S. G., Fu, H.,
Wang, H., ... & Wu, L. (2020). An unprecedented set of high-
resolution earth system simulations for understanding multiscale
interactions in climate variability and change. Journal of Ad-
vances in Modeling Earth Systems, 12(12), e2020MS002298.

• Meehl, G. A., Arblaster, J. M., Chung, C. T., Holland, M. M.,
DuVivier, A., Thompson, L., Yang, D., & Bitz, C. M. (2019).
Sustained ocean changes contributed to sudden Antarctic sea ice
retreat in late 2016. Nature Communications, 10(1), 14–19. https://doi.org/10.1038/s41467-
018-07865-9

Changes in manuscript:

We will expand the discussion regarding this issue.

Minor comments:

1. Line 201: Consider adding a reference to Figure 3 earlier in the sen-
tence, before “increased P,” to guide the reader.

Author’s reply:
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Agreed.

Changes in manuscript:

The figure reference will be added.

2. Line 204: I suggest citing Figure 4e explicitly at the end of the sentence.

Author’s reply:

Agreed.

Changes in manuscript:

The figure reference will be added.
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