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The manuscript presents a study of the preconditioning mechanisms of Maud Rise
Polynyas (MRPs) in a high-resolution CESM simulation. The four MRP events oc-
cur roughly 20-25 years apart. The polynyas’ periodicity is attributed to the Southern
Ocean Mode (SOM), a mode of ocean heat content (OHC) variability that is not vali-
dated with observations or theory. The study attributes the polynyas to be singularly
preconditioned by the SOM, where they suggest that a positive phase of the SOM then
leads to positive subsurface OHC anomalies in the South Atlantic ocean, which then

C1

https://www.ocean-sci-discuss.net/
https://www.ocean-sci-discuss.net/os-2020-25/os-2020-25-RC2-print.pdf
https://www.ocean-sci-discuss.net/os-2020-25
http://creativecommons.org/licenses/by/3.0/


OSD

Interactive
comment

Printer-friendly version

Discussion paper

enters the Weddell gyre over ten years and causes deep convection over Maud Rise.
The study is interesting, but the fundamental hypothesis is not backed up with a plau-
sible physical explanation, nor do the authors justify why SOM is a unique mode to
consider.

Major comments

1. What is the Southern Ocean Mode? There are very few modeling studies that even
consider it. Do the authors consider it to be a different mode from the Southern Annular
Mode (SAM)? However, one of the definitions of SAM index is the difference between
normalized zonally mean sea level pressure between 40S and 65S (Gong and Wang
1999). (SAMindex = P*40S – P*65S ) whose Atlantic sector encompasses the region
used in the definition of SOM. The authors do not provide an explanation as to why
the SOM index is an independent mode. The Southern Annular Mode could in fact
influence the Temperature anomaly over 0-50W;35-50S. It would be very helpful if the
authors can show that the SOM index is different from the SAM index. It is really not
clear why this is a better metric or how this region behaves as an independent influence
on the preconditioning of the polynyas over Maud Rise.

2. The authors do not present a robust justification for using only the SOM and not
looking at any of the important factors that play a role in preconditioning such as the
structure and strength of the Weddell gyre (Cheon et al. 2015) , the SAM index (Gor-
don et al. 2007), or the presence of stratified Taylor columns over Maud Rise (de
Steur et al. 2007; Alverson and Owens 1996). Previous literature (Hirabara et al.
2012) suggests that the preconditioning and formation mechanism of these MRPs are
related to several contributing factors that involve the interaction of large- and small-
scale ocean/atmospheric circulation. The authors here do not provide a clear physical
connection on how the SOM can in turn influence these other contributing factors for
polynya formation. The lack of a physical mechanism clearly linking the SOM to the
MRPs is a major weakness in this publication.
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3. The loosely connected interpretation of figures 5,6 and 7 suggests that particles
released over the MRP box and backtracked for 8 years end up in specific regions in
the Weddell gyre that are correlated to parts of the SOM region. However, correlation
does not imply causation.

4. If the subsurface OHC anomalies from the SOM region propagate along the Weddell
gyre to the MRP box in ten years, one should be able to see a pattern in the correlation
between SOM and H1000 in which the SOM leads H1000 in steps of 12-24 months
(similar to figure 5d but in steps where SOM leads H1000 in 24, 48, 72, 96 months).
It would help readers to see the intermediate steps of SOM leading H1000 by 12-24
months between figures 5c and 5d in which the propagation should be evident if such
connections exist.

Minor comments

1. The mapping projection in figure 5 is not consistent with figures 6-7. Please be
consistent with the mapping projections.

2. The authors mention 3 MRP events observed in 1973-1977,1994 and 2016-2017
to suggest a periodicity of 20 years between MRP events. They did not include the
MRP event of 1980 (Comiso and Gordon 1987). The observations do not suggest a
periodicity of 20 years. The polynyas of the late-70s were extremely large Weddell Sea
Polynyas that begin over Maud Rise and spread westward into the Weddell Sea and
have not been observed since.

References

1. Alverson, K., and B. Owens, 1996: Topographic pre-conditioning of open-
ocean deep convection. J. Phys. Oceanogr., 26, 2196–2213, doi:10.1175/1520-
0485(1996)026<2196:TPOOOD>2.0.CO;2.

2. Cheon, W. G., S. Lee, A. L. Gordon, Y. Liu, C. Cho, and J. J. Park, 2015: Replicat-
ing the 1970s’ Weddell Polynya using a coupled ocean-sea ice model with reanalysis

C3

https://www.ocean-sci-discuss.net/
https://www.ocean-sci-discuss.net/os-2020-25/os-2020-25-RC2-print.pdf
https://www.ocean-sci-discuss.net/os-2020-25
http://creativecommons.org/licenses/by/3.0/


OSD

Interactive
comment

Printer-friendly version

Discussion paper

surface flux fields. Geophys. Res. Lett., 42, 5411–5418, doi:10.1002/2015GL064364.

3. Comiso, J. C., and A. L. Gordon, 1987: Recurring polynyas over the Cos-
monaut Sea and the Maud Rise. J. Geophys. Res. Ocean., 92, 2819–2833,
doi:10.1029/JC092iC03p02819.

4. Gong, D., and S. Wang, 1999: Definition of Antarctic oscillation index. Geophys.
Res. Lett., 26, 459–462, doi:10.1029/1999GL900003.

5. Gordon, A. L., M. Visbeck, and J. C. Comiso, 2007: A possible link between
the Weddell Polynya and the southern annular mode. J. Clim., 20, 2558–2571,
doi:10.1175/JCLI4046.1.

6. Hirabara, M., H. Tsujino, H. Nakano, and G. Yamanaka, 2012: Formation mech-
anism of the Weddell Sea Polynya and the impact on the global abyssal ocean. J.
Oceanogr., 68, 771–796, doi:10.1007/s10872-012-0139-3.

7. de Steur, L., D. M. Holland, R. D. Muench, and M. G. Mcphee, 2007: The warm-
water “Halo” around Maud Rise: Properties, dynamics and Impact. Deep. Res. Part I
Oceanogr. Res. Pap., 54, 871–896, doi:10.1016/j.dsr.2007.03.009.

Interactive comment on Ocean Sci. Discuss., https://doi.org/10.5194/os-2020-25, 2020.

C4

https://www.ocean-sci-discuss.net/
https://www.ocean-sci-discuss.net/os-2020-25/os-2020-25-RC2-print.pdf
https://www.ocean-sci-discuss.net/os-2020-25
http://creativecommons.org/licenses/by/3.0/

