Sheehan et al. Ventilation of the Bay of Bengal oxygen minimum zone
by the Southwest Monsoon Current

Response to reviews

Throughout this document, the original reviews are reproduced in black. Our responses are presented
in blue and, where appropriate, quotations from the revised paper are included in indented italic blue
text. Please note that line numbers refer to the tracked changes version of the manuscript.

Reviewer One

The authors present glider observations, over 17 days, of an oxygen-rich core to the Arabian Sea High-
Salinity Water (ASHSW) as it flows into the Bay of Bengal during the 2016 southwest monsoon. Using
a global climatology, Argo floats and a coupled physical-biogeochemical model, they estimate the
contribution of these waters to the Bay of Bengal oxygen minimum zone.

The fact the ASHSW appears to ventilate and alleviate oxygen reduction appears to be contrary to
previous studies and represents an important new observation.

These observations are in agreement with the analysis of Argo float data in this preprint:
https://arxiv.org/abs/2406.10571

We thank the reviewer highlighting for this paper. As it is now published, we have been pleased to add
references to it in the manuscript where relevant.

The authors highlight large discrepancies (> 40 umol kg ') between the world ocean atlas and the model
over large parts of the bay.

The paper is well written, clear and concise. The figures are high quality and legible. The limitations of
the study are related to the quality of the publicly available climatologies for the region. It is a shame

uncertainties are not available.

We thank the reviewer for their positive feedback.

Comments

While in virtual mooring mode, how close to their nominal position do the gliders remain during the
study? l.e. how much of the variance see in figure 3 could be horizontal variability?

When in virtual mooring mode, the gliders did not travel particularly far from the central point / target
position, moving on average between 2 and 3 km over the course of a single dive and remaining on
average 7 km from the waypoint. These distances are typical for Seagliders diving to 700 m, as was



largely the case for this deployment. Of course, these distances are negligible compared with those
between the gliders (i.e. around 110 km).

It is always the case with glider observations that spatial and temporal variability cannot ever
be completely separated — so, for instance, the sharp transition from high-salinity water to low-salinity
water (and back again) observed by SG534 could contain a degree of spatial as well as temporal
variability. We note, however, that this still supports our interpretation of this feature as a sharp front:
either a front that passes over a largely stationary glider or a stationary front that the glider itself crosses.
While it is reasonable to claim that the hydrographic differences between different gliders are spatial,
we are careful not to ascribe hydrographic differences observed by the same glider to either spatial or
temporal variability.

Line 73. The gliders remained an average of 7 km from the exact location of the virtual mooring,
and travelled an average of 2 to 3 km during a single dive; this is typical for gliders diving to
700 m, as was largely the case during this deployment. We consider each glider's
observations as a time series, although a very small degree of spatial variability may be
present in an individual glider's record.

65 — How were the glider sensors calibrated / validated?

Originally, the oxygen observations were calibrated using manufacturer coefficients, as well as using a
sodium sulphite solution to calibrate the zero-concentration end point. Given that Nayak et al. (2025)
has now been published — the pre-print highlighted by the reviewer above — we may now use their
Winkler-calibrated CTD observations, which were previously unavailable. In order to provide greatest
consistency between papers and instruments, we have performed a new calibration of glider oxygen.
Glider oxygen concentrations were linearly regressed against CTD oxygen concentrations in
temperature-salinity space to avoid variability induced by internal waves or oxygen gradients along
isopycnals. The new calibrations provide only a minor change to oxygen calibrations and do not
qualitatively affect our conclusions, which were largely based on the gradients in oxygen between the
gliders rather than absolute values.

Line 77. Oxygen sensors were calibrated using a sodium sulphite solution to find the zero-
concentration end-point; subsequently, we calibrated glider-observed oxygen concentration
against the Winkler-calibrated ship observations of Nayak et al. (2025). We linearly
regressed glider oxygen concentrations against ship oxygen concentrations in temperature-
salinity space to avoid variability induced by internal waves or oxygen gradients along
isopycnals. This second step results in only a minor change in oxygen concentrations.

130 - Is it possible to estimate the impact of ignoring vertical processes?

Unfortunately, we think that it would be very difficult to quantify the impact of ignoring vertical processes
— e.g. diapycnal mixing — on the results of the particle tracking experiments. The assumption behind the
particle tracking experiment is that the 24 kg m=3 isopycnal remains the core of the ASHSW layer as the
Southwest Monsoon Current flows northward into the Bay of Bengal. Real-world tracer-release
experiments find that the density at which a tracer is released into the ocean remains the central density
of the tracer distribution even after a year (Ledwell et al., 2011). In our case, given the presence of high-
salinity, high-oxygen spikes found on this isopycnal in the Argo observations, this assumption does not
appear to be unreasonable. What is more, the 24 kg m-3 isopycnal represents the core of ASHSW at its
formation in the Arabian Sea (e.g. Prasana Kumar & Prasad, 1999): this is still the case in the Bay of



Bengal. We further assume that diapycnal mixing would primarily act to reduce the magnitude of the
signal without significantly altering the trajectories of the particles; in other words, we assume that the
isopycnal pathways would not be significantly altered by a small amount of diapycnal mixing.

To test this assumption, we conducted forwards particle tracking experiments, identical to those
originally conducted on the 1024 kg m-3 isopycnal, on the 1024.5 and 1025 kg m-3 isopycnals. The
results of these experiments are presented at the end of this document, in Figures A and B respectively.
While there are small differences between the results of the three experiments, the distribution of
particles tracked on the three isopycnals is broadly consistent. Hence, although in the real ocean
diapycnal mixing would be expected to spread some portion of ASHSW away from the 1024 isopycnal,
this process appears unlikely to result in a markedly different distribution of ASHSW. We have added
this point to the paper.

Line 153. This method determines advective transport along an isopycnal and does not account
for isopycnal or diapycnal diffusivity; however, we note that the results presented below are
qualitatively very similar to those from versions of the same experiments conducted on the
24.5 and 25 kg m-3 isopycnals.

211 — Is the SMC the only source of water with salinity > 35.2?

We thank the reviewer for this pertinent question. In considering our response, we have chosen to lower
the threshold from 35.2 to 35.1 PSU, to better represent the SMC in salinity at 8°N. We note that this
results in more particles being released, but does not make a qualitative difference to our results, nor
does it change any of our conclusions. In particular, the match between the particle tracking results and
the Argo profiles with high-salinity, high-oxygen spikes is unchanged. (For consistency, we have also
reduced the threshold to 35.1 PSU in the backwards tracking experiment; again, this makes no
qualitative difference to our results or conclusions.)

At the bottom of this response document, we attach a Hovmaéller plot of the annual cycle of
salinity at 8°N from the GLORYS12 ocean re-analysis (Figure C). Salinities greater than 35.1 PSU are
found at 8°N from June between 85 and 86°E before moving generally westward as the southwest
monsoon progresses. This resembles the velocity (and oxygen) signal of the SMC — compare Figure 4
of the revised paper. Furthermore, salinities greater than 35.1 PSU are not found elsewhere at 8°N —
i.e. outside the SMC. (Note that we release particles from June to September, so the limited incursion
of high-salinity water in late January will not affect the particle tracking experiments.)

Technical
114 — awkward sentence, in addition -> similarly

This sentence has been amended.

260 — “in the ASHSW core oxygen concentration”
This sentence has been amended.

Line 298. Consequently, it appears that processes which drive variability in the oxygen
concentration of ASHSW have only a modulating effect on the SMC's oxygen flux, and that



the predictability of the SMC's oxygen flux derives primarily from understanding and
predicting the SMC's physics.

278 — “than those considered here”
This sentence has been amended.

Line 315. Constructing an oxygen budget for the Bay of Bengal is beyond the scope of the
present contribution — clearly this will depend on many more processes, both physical and
biogeochemical, than on those considered here.

References

Prasana Kumar S and Prasad TG, 1999. Formation and spreading of Arabian Sea high-salinity water
mass. Journal of Geophysical Research, 104, 1455 — 1464

Ledwell JR, St Laurent LC, Girton JB, Toole JM, 2011. Diapycnal mixing in the Antarctic Circumpolar
Current. Journal of Physical Oceanography, 41, 241 — 246



20°N

10°N

20°N

10°N

20°N

10°N

20°N

10°N

(a) Jun

2%

© o

(b) Jul

© o

6%

(c) Aug

13%

© o

(d) Sep 26% (e) Oct 22% (f) Nov 21%
! : ! ‘ !
o € 53 » !
e * ) d @ * d ;f\‘ . d
'. - .0
(g) Dec 10% (h) Jan 9% (i) Feb 4%
Y IO
T ) .:" " <
*‘J \ g ~‘ g t) ‘
ye oo S s
4‘ % “
(i) Mar 3% (k) Apr 3% () May 4%
=y 3 SR
> a 5 AN
N : { _ o - o
80°E 90°E 80°E 80°E 90°E

FIGURE A Monthly mean particle count, in 0.25° bins, from the forwards trajectory
experiments. Particles were released on the 1024.5 kg m-3 isopycnal at 8°N at 0.01°
intervals between the Sri Lankan coast and 88°E (i.e. along the green line) where and
when salinity is greater than 35.1 PSU; releases are daily between 1 June and 30
September (inclusive; 1994 to 2019) and particles are tracked forward for a year.
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FIGURE B Monthly mean particle count, in 0.25° bins, from the forwards trajectory
experiments. Particles were released on the 1025 kg m-3 isopycnal at 8°N at 0.01°
intervals between the Sri Lankan coast and 88°E (i.e. along the green line) where and
when salinity is greater than 35.1 PSU; releases are daily between 1 June and 30
September (inclusive; 1994 to 2019) and particles are tracked forward for a year.
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FIGURE C Hovmodller plot of the annual cycle of salinity (PSU), at daily resolution, at
8°N in the Bay of Bengal from the GLORYS12 re-analysis product. The 35.1 PSU
isohaline is plotted in black.



