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Manuscript Synopsis

2nd Review (although 1st review was done under tight time constraints and without access to usual sources
of published research). This publication introduces a regional seasonal ocean forecast system for the United
States east coast forced by the global SPEAR seasonal forecast and initialized with a subset of the GLORYS12
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◦
global ocean re-analysis over the domain in question.

I feel I still need to push back on the major point of my first review, which is the treatment of the
GLORYS12 [Lellouche et al., 2013] re-analysis as both the verifying truth and initial conditions. As a
producer of ocean analysis, I do not want to discourage their use for either the initialization of forecast, nor
as a tool for verification. Verification of both atmospheric and ocean forecasts against their corresponding
atmospheric or ocean analysis is done all the time – although I should add, not without its detractors, which
I do not count myself as one – indeed, I regularly engage in the process. However, dynamical ocean and
atmospheric analysis, as the authors are well aware – they spend several paragraphs of their introduction
explaining why they wish to produce a dynamical forecast as opposed to existing statistical forecasts, which
ultimately is the same achievement – is a best fit of the observations within a dynamically balanced system
to obtain a best guess estimate of the ocean or atmosphere, at least on the grid and resolution in question.
Uncertainty is always associated with this estimate, especially when observations are sparse, as they almost
always are for the ocean sub-surface, or ocean surface salinity. The former is substantially improved by ARGO
(effectively sometime around 2005), and the latter could be corrected by remotely sensed sea surface salinity
as is currently provided by the SMOS European Space Agency satellite, and formerly by the NASA Aquarius
mission – but this is not as yet a standard assimilation observation in ocean analysis like GLORYS12.

The authors have made some attempts to elicite this in the manuscript, but I think it is important (at
least to me) that this gets further discussed in the manuscript. However, despite a rather long list of major
comments, I am really only asking for a very minor change as suggested in item #6. My goal is to inform
– not to impose major changes on the authors’ manuscript. For this reason, and the fact I unfortunately
either missed, or forgot to include some minor points in my original recommendation, my recommendation
is still for some Minor Revisions prior to publication.

My recommendation is Minor Revisions

Major Comments

1. Thank you for addressing all my concerns, and other reviewers concerns, with the earlier version of the
manuscript. The remaining items amongst the major comments are some further push back to these
responses. I do not expect any major structural changes to the manuscript, and indeed in the end
suggest only a minor change as requested in item #6. Most of the minor comments are unfortunately
minor points I missed in doing the last review – some noted last time, but omitted from my review
(access was lost to the marked-up pdf), or simply not noted previously.

2. As I stated in the synopsis: Although I do appreciate the authors attempts to recognize that the
analysis do indeed come with some uncertainty, and I do highlight these below, I do believe some
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further discussion, particularly when discussing the proposed skill of the downscaled system, is still
warranted. Points where the authors have established this uncertainty are:

• ll. 127-128. We acknowledge, though, that deriving the initial conditions from a data assimilation
process or a more sophisticated nudging method could improve the forecast spread and skill.

• ll. 277-280. It should be noted that the GLORYS12 reanalysis used as the observations in this
comparison does not simulate salinity as well as it does temperature, and some of the reduction
in bias may be due to the use of this reanalysis in the derivation of the initial conditions for the
downscaled forecasts.

3. However, neither of the references they use to highlight the qualities of the GLORYS12 reanalysis
[Amaya et al., 2023, Carolina Castillo-Trujillo et al., 2023], which are multi-system intercomparisons of
which GLORYS12 is included, investigate whether the multi-model ensemble mean provides a better
quality than GLORYS12. I am not recommending that the use of a multi-system ensemble mean would
be a better set of initial condition – it would not be a valid dynamical state for one – but rather wish to
again highlight there is uncertainty in the GLORYS12 analysis. The authors may wish to see Toyoda
et al. [2015], which is a (now old) multi-system comparison of mixed layer depths for a set of global
reanalysis, of which a much older version of GLORYS (0.25◦) is contributing. Northern winter mixed
layer depths (Figure 11 of the article) along the North American east coast are amongst the most
uncertain (largest normalized spread), indicating any analysis in that region is likely to be uncertain –
particularly before 2005, after which ARGO becomes well established, as shown in Figure 1 of Storto
et al. [2019].

4. The example of validating against OISST SST given as a counter-example in the authors’ response to
reviewers comments is likely the least interesting for me. SST is by far the most observed variable in
the ocean, with satellite remote sensing able to accurately observe the sea surface temperature to a
nominal resolution of 4km. Clould cover or rain may deplete those high resolution observations on a
temporal basis, but I would expect different SST analysis to not actually differ substantially. So the
fact that NWA12 performs better than SPEAR when validated with OISST SST analysis assimilated
by the Kalman Filter assimilation in SPEAR is not really surprising to me.

5. Sea surface salinity (SSS) in not observed well in the ocean as already commented on by the authors.
Similarly subsurface T/S profiles, mostly measured through ARGO floats that do not have long reten-
tion periods in the Gulf Stream / western boundary current areas of interest in this manuscript, are
relatively sparsely observed. I would very strongly suspect that GLORYS12 will perform much better
than the 1◦ SPEAR Kalman Filter assimilation in correctly estimating the subsurface, especially since
the additional assimilation of sea surface height, in addition to GLORYS12 higher resolution giving it
the ability to constrain the (at least larger scale) mesoscale activity that is known to improve ocean
water mass properties in the analysis throughout the water column in the absence of any local InSitu
observations [Fujii et al., 2024]. So the results I believe are really dependent on initial conditions,
especially in the light of the fact that persistence is particularly skillful at predicting this, would be
the bottom temperature results.

6. Ultimately, I believe I would be satisfied if one further statement (modified to the authors preference) is
added to their discussion of ll. 233-235: Forecast correlation coefficients are higher for bottom tempera-
ture (Figure 3), which partially reflects its increased persistence. Most downscaled forecast correlations
are higher than the persistence correlation, however, though the majority are not significantly higher.
This is perhaps not unexpected, as the downscaled NWA12 bottom temperatures are initialized by the
exact persisted values coming from the GLORYS12 analysis used as validation. The lower correlated
SPEAR bottom temperature values will likely be initialized somewhat differently.

7. I would like to respond to the authors’ response to the use of the AVISO gridded current product
(DOI:10.48670/moi-00148). Yes, they are both Copernicus Marine Products. Yes, they are based on
the same set of satellite data. No they may not be as similar as the authors state – the GLORYS12
currents being more than just geostrophic for one. I haven’t done a comparison, and do not know
of any comparison off hand – although I would be surprised if it is not in the Copericus quality
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assessment document (QUID) of one, or both the products. It certainly was an omission to not include
an independent observation only source of gridded currents in the Aijaz et al. [2023] manuscript, as this
certainly was a standard in most of the ORA-IP papers [Toyoda et al., 2015, Shi et al., 2015, Palmer
et al., 2015, Storto et al., 2015, Uotila et al., 2019]. This, however, harkens back to the previous point:
There will be uncertainty in the assessment of currents, particularly near the coast, where the altimetry
data is not as reliable (has larger error). The GLORYS12 product certainly was one of the better
performing products in Aijaz et al. [2023], but not universally so, and likely the difference between the
analysis is more indicative of this uncertainty, than it is of the individual analysis performance – in
other words, the multi-system ensemble almost always out performs the member systems (again, not
particularly explored in Aijaz et al. [2023]), but well explored in the other ORA-IP papers, even when
mixing higher and lower resolution systems. Ultimately, the current assessment done in the manuscript
here, which is only a trend assessment, does not depend too highly on this, and I will leave it there.
No action required.

Minor Comments

1. ll. 39-44. The NAO was shown to be predictable in Scaife et al. [2014]. However, Smith et al. [2020]
do explain why large ensemble would be necessary to pull the low NAO signal out of the noise in the
application of the seasonal forecasts to real world scenarios, although this it really first developed in
Eade et al. [2014]. That being said, the SPEAR journal publication [Delworth et al., 2020] does not give
any details on whether any NAO predictiability is present in SPEAR, I suspect not as I don’t believe
they will get a significant signal with only a 1◦ ocean model (at least 1
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is needed), but this is my

own personal prejudice. Without the NAO signal available in the atmospheric forcing from the parent
model, the regional model will not benefit from this possibility, no matter the number of ensemble
members. If there are oceanic precursors for the NAO, the initializing GLORYS12 ocean analysis will
almost certainly contain them, but they will not be properly integrated forward without the signal in
the driving atmosphere. However, reemergence of existing ocean signatures could conceivably precede
without too much undo intervention required by the atmosphere. The driving atmosphere is all beyond
the authors’ control – although it would be helpful if the authors could give some statement on SPEARS
ability to forecast the NAO if that could be tracked down from existing analysis of the system.

2. ll. 68-72. I will just gently prod the authors that they could have investigated whether the 30 low
resolution SPEAR members could have outperformed the 10 high resolution NWA12 members as an
addition to the provided 10 to 10 member analysis of skill. But of course, that was not the purpose of
the manuscript. Perhaps the authors’ may with to say why they choose not to pursue this.

3. ll. 115,118. The manuscript does not actually provide a citation for GLORYS12 [Lellouche et al.,
2013]?

4. ll. 153-155. I believe the authors are trying to find ways to improve their boundary conditions with-
out breaking the seasonal hindcast paradigm of not using future information – which would prevent
them from using GLORYS as they do in the Ross et al. [2023] reanalysis-forced historical simulation.
A common way of using other than climatological boundary conditions in long term forecasts is to
use an anomaly persistence, or damped anomaly persistence at the boundaries. In other words, use
the GLORYS12 reanalysis as initial boundary conditions, but instead of continuing to use the GLO-
RYS12 reanalysis, use the climatological boundary conditions plus the initial condition anomaly of
GLORYS12 with respect to the climatology. You then potentially have the opportunity to damp the
provided anomaly over some time period. An example of using a climatologically evolving persisted
anomaly with the SST boundary condition of a (formerly) atmosphere only system can be found in
Lin et al. [2016].

5. Figures 11, 12 & 13, SubSection 4.1.2. Firstly I apologize, I realize it is late in the game, and this is
one comment I know I was going to comment on in my first review, but then failed to do so, but it
is really hard to follow the discussion of Section 4.1.2 by having to flip back and forth between the
text and at least 2 of 3 figures – even with modern ways of doing things, like having 4 versions of
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the manuscript lined up across my two screens. I think you would do your readers a favour – and
significantly help the weight of your argument if one could have all three results (i.e. Figures 11, 12 &
13 ) lined up as a single figure. For instance, if you restricted yourself to a snapshot every 2nd month
(starting at 0), that would likely be frequent enough to show the propagation in each system, and then
one could have the 3 systems (analysis, forecast, SPEAR forecast) lined up vertically, with the 6 time
snapshots arranged horizontally. There is ample white space to the left and right to do this with no
loss of magnification. But if you did insist on keeping the current 12 snapshots, one could still consider
having a full page figure with the 3 systems across and the 12 snapshots vertically, but this would likely
result in a decrease in the individual snapshot sizes. Please consider doing one of these two options.

6. The authors may wish to know – and the reader may wish to know too, that there are theoretical formula
that can explain the dependence on number of ensemble members in the presence of ensemble spread
versus error for the CRPS in equation 3 of Leutbecher [2019], or the number of ensemble members
in the presence of average correlation between members and average correlation with observation of
the individual members in the correlation of the ensemble mean with observation with equation 2 of
Murphy [1990], p. 99. Indeed, for CRPS, one can define a “fair CRPS” score that would be independent
of ensemble size as in equation 4 of Leutbecher [2019].

7. ll. 525-528. My impression from the bias shown in Figures 5-7 is that they may be caused by errors in
(too much) vertical mixing, and are not necessarily linked to the external/coupled atmospheric forcing.
This impression is due to the phase relation (∼ 90◦) between surface and bottom – and could of course
be an incorrect impression. Correcting the fluxes may not be the correction required.
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S. Guinehut, K. Haines, F. Hernandez, A. Köhl, T. Lee, M.J. Martin, S. Masina, S. Masuda, K.A.
Peterson, A. Storto, T. Toyoda, M. Valdivieso, G. Vernieres, O. Wang, and Y. Xue. Ocean heat content
variability and change in an ensemble of ocean reanalyses. Climate Dynamics, pages 1–22, 2015. ISSN
0930-7575. doi: 10.1007/s00382-015-2801-0. URL http://dx.doi.org/10.1007/s00382-015-2801-0.

A. C. Ross, C. A. Stock, A. Adcroft, E. Curchitser, R. Hallberg, M. J. Harrison, K. Hedstrom, N. Zadeh,
M. Alexander, W. Chen, E. J. Drenkard, H. du Pontavice, R. Dussin, F. Gomez, J. G. John, D. Kang,
D. Lavoie, L. Resplandy, A. Roobaert, V. Saba, S.-I. Shin, S. Siedlecki, and J. Simkins. A high-resolution
physical–biogeochemical model for marine resource applications in the northwest atlantic (mom6-cobalt-
nwa12 v1.0). Geoscientific Model Development, 16(23):6943–6985, 2023. doi: 10.5194/gmd-16-6943-2023.
URL https://gmd.copernicus.org/articles/16/6943/2023/.

A. A. Scaife, A. Arribas, E. Blockley, A. Brookshaw, R. T. Clark, N. Dunstone, R. Eade, D. Fereday, C. K.
Folland, M. Gordon, L. Hermanson, J. R. Knight, D. J. Lea, C. MacLachlan, A. Maidens, M. Martin, A. K.
Peterson, D. Smith, M. Vellinga, E. Wallace, J. Waters, and A. Williams. Skillful long-range prediction of
European and North American winters. Geophysical Research Letters, 41(7):2514–2519, 2014. ISSN 1944-
8007. doi: 10.1002/2014GL059637. URL http://dx.doi.org/10.1002/2014GL059637. 2014GL059637.

L. Shi, O. Alves, R. Wedd, M.A. Balmaseda, Y. Chang, G. Chepurin, N. Ferry, Y. Fujii, F. Gaillard,
S.A. Good, S. Guinehut, K. Haines, F. Hernandez, T. Lee, M. Palmer, K.A. Peterson, S. Masuda,
A. Storto, T. Toyoda, M. Valdivieso, G. Vernieres, X. Wang, and Y. Yin. An assessment of upper
ocean salinity content from the ocean reanalyses inter-comparison project (ora-ip). Climate Dynamics,
pages 1–21, 2015. ISSN 0930-7575. doi: 10.1007/s00382-015-2868-7. URL http://dx.doi.org/10.1007/

s00382-015-2868-7.

D. M. Smith, A. A. Scaife, R. Eade, P. Athanasiadis, A. Bellucci, I. Bethke, R. Bilbao, L. F. Borchert,
F. Caron, L.-P.and Counillon, G. Danabasoglu, T. Delworth, F. J. Doblas-Reyes, N. J. Dunstone,
S. Estella-Perez, V.and Flavoni, L. Hermanson, N. Keenlyside, V. Kharin, M. Kimoto, W. J. Merryfield,
J. Mignot, T. Mochizuki, K. Modali, W. A. Monerie, P.-A.and Müller, D. Nicoĺı, P. Ortega, K. Pankatz,
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