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Lagrangian perspective” by Tooth et al.

 

The manuscript describes an in-depth analysis of Lagrangian-derived overturning in the
eastern subpolar gyre, with an emphasis on the seasonal cycle. The analysis is conducted
wholly in the ORCA025 model run that extends from 1958-2015. The authors compare the
Eulerian AMOC in the model to a Lagrangian-derived AMOC by seeding Lagrangian
particles in the northward currents across OSNAP East and calculating their net water
mass transformation by the time the water particles recirculate southwards across OSNAP
East. The authors find that the seasonal cycle across OSNAP East is primarily driven by
fast-moving particles that recirculate in the region within 8.5 months.

 

I found the manuscript fascinating and the figures beautiful. The text is quite long, but
each of the sections provided interesting information. I commend the authors for the
amount of work and diligence it must have taken to prepare a manuscript with this much
material. For this reason, I was torn about how to review this paper: on one hand, the
paper is extremely polished, while on the other hand, I found a few major concerns about
the manuscript (described below). I have decided to recommend the paper be
reconsidered pending major revisions, mostly because my concerns underlie the basis of
the paper, and they give me serious pause when trying to learn what to take away from
the paper. Without sufficiently addressing these concerns, the manuscript lacks a central
message despite the fascinating results along its circuitous journey (which is analogous to
the journey these Lagragian particles take around the Iceland Basin…).

 

Major comments:

1. It is unclear to me what the goal of the paper is and/or what signal the authors are
trying to explain. Is it the observed seasonality at OSNAP East? Or possibly the model’s
version of seasonality at OSNAP East? If the authors are trying to explain the observed
seasonality at OSNAP East, it has not yet been identified in the published literature, so it



seems strange to try to explain it without the signal being identified. Can the authors
diagnose the OSNAP East seasonal cycle from the publicly-available data and use that as a
motivation for the current study? And if it is the model’s seasonality, the authors should
explain the importance of a single model’s representation of the seasonal cycle, especially
whether it resembles the observations.

 

2. Part of my concern in #1 arises from ambiguity in the introduction – individually the
sentences are factually correct and well-written, but I often didn’t understand how one
sentence led to the next. This is true throughout the section, though I will highlight the
sentence starting “It therefore remains an open question…” (line 80) because it is critical
to motivating this paper. The previous sentences were discussing seasonal versus
interannual variability, then in this sentence the authors shift to comparing the mean
AMOC to its seasonal cycle. I generally agree with the sentences individually up to this
point, I just don’t know how it leads to the authors’ question that they seek to address in
the paper. I also didn’t understand the importance of this question: why does it matter
whether the particles that determine the mean state are the same as the ones that
determine the seasonality? To address this issue throughout the introduction (not just the
example I provided), I recommend the authors highlight a single (or set) of questions that
they aim to address in the manuscript, and provide motivation for why those questions
are important in the introduction. Otherwise, the text seems to ramble through a lot
interesting topics, but lacks clear, identifiable results. I also believe that much of the text
could be condensed and made more readable if the goals of the study were outlined early.

 

3. The authors use ORCA025 exclusively and do not motivate why this would be a good,
or even sufficient model to use for this analysis. There are certainly higher resolution
models run for similar time periods readily available, so I would hope that there is a
reason to use this model over the others (e.g. HYCOM, VIKING, other NEMO-based model
runs, ECCO, etc.). Though resolution is not the only component of a model that
determines its quality, I am concerned that a 1/4° resolution model cannot resolve some
of the important processes in the eastern subpolar North Atlantic shown in the literature
(e.g. Gary et al., 2018; Houpert et al., 2018; Zhao et al., 2018; Devana et al., 2021),
specifically the transformation of water, and any vertical velocities, both of which are
highly resolution-dependent, yet important to the AMOC. I am also concerned that a ¼°
cannot properly resolve the three currents that enter the Iceland Basin (Holliday et al.,
2020), which are critical to understanding the circulation in the region. My final concern
about the resolution of the model concerns running Lagrangian trajectories through a
coarse-resolution velocity field involves a lot of interpolation between points, with the
resultant figures (which are beautifully presented) at much higher resolution than the
underlying data, and potentially evoking higher confidence in the results than one might
otherwise given 1/4° data. The authors acknowledge this issue in the last paragraph of
the paper, but it needs to be addressed in the data and methods section (if not earlier).

 

Again, I want to underscore how impressed I was with the quality of the paper, which
reflects quite strongly on the authors.
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