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1. Introduction

This manuscript by Richard Zeebe provides a description of the architecture and
tuning of his Long-term Ocean-atmosphere-Sediment CArbon cycle Reservoir Model
(LOSCAR). This fills an important gap by providing the Earth science community with
the means to better understand and evaluate recent published LOSCAR applications
by Zeebe and co-authors (eg. Zeebe et al. 2008; Zeebe et al., 2009). In addition,
this manuscript provides necessary information for possible future use of the LOSCAR
model by other modelling groups, including how the model code can be obtained.

The manuscript is unusual in that it presents a detailed model description following
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upon a number of published model applications. To address this “cart before the
horse” in this review I first consider enhancements and clarifications needed to fully
understand the model as it has been used in the applications. I recommend that the
model be published in GMD after these points have been addressed. I then present
some suggestions on how the architecture and tuning of the model could be improved
for future work.

2. Needed enhancements and clarifications

In general the manuscript is well-written and refreshingly brief. However, some aspects
need to be addressed:

Model architecture and geometry are summarized in Figures 1 and 2 and in Table 1.
Surface box areas and volumes are well defined but there is ambiguity with regard to
the areas and volumes of the intermediate and deep boxes. Does the total area of the
intermediate and deep boxes equal the total ocean area (by scaling up their % Areas
to give a sum of 100%) or does it equal 90% of total area (as the areas of the surface
layers above them). Since the height of the intermediate box is specified as 900 m,
these different interpretations lead to different intermediate and deep box volumes. To
avoid this ambiguity the intermediate and deep box volumes should be included in
Table 1.

It is not clear how the Tethys Ocean is connected to the rest of the ocean in the PETM
configuration. The text states that the Tethys Ocean has a surface, an intermediate
and a deep box but the only circulation or exchange parameter in Table 2 that applies
to this ocean is a mixing rate between its intermediate and surface layers. As it stands,
matter can only be transported to this ocean via the atmosphere and any matter falling
into the deep box of this ocean would just accumulate there. Is this how things work in
the LOSCAR model or is there must be something missing in Table 2? This situation
is not helped by the fact that the Tethys ocean is obscured in Figure 1 and is omitted
(“for clarity”) in Figure 2. Aanything missing should be included in Table 2 and I think
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that the Tethys Ocean should be included in Figure 2 for clarity.

One of the tracers considered in the model is δ13C but important details are missing on
how the model treats this tracer. There is no discussion of fractionation during air-sea
exchange and during organic carbon and biogenic carbonate production in the ocean
surface layers. What fractionation factors were used and how do they depend upon
surface layer temperatures and CO2 concentrations? These details and equations for
calculating δ13C should be included in Sections 3.2.1, 3.2.2 and 5. Furthermore, 13C
is removed from the ocean-atmosphere system as calcium carbonate is buried in the
sediment. How is 13C resupplied to the system to maintain a steady state (there is no
mention of 13C in the discussion of weathering and volcanic input)?

In a PETM application paper with LOSCAR (Zeebe et. al, 2009), some of the simu-
lations were based on a modified circulation with a contribution of North Pacific Deep
Water (NPDW) formation while the Southern Ocean source was reduced relative to
its pre-event strength. For completeness in Section 9.2, it would be useful to discuss
this and to include the assumed NPDW and SO transports for these simulations (this
information was not given in Zeebe et al., 2009).

In Figure 5 and 6 the line definitions in the insets in each of the figures are too small to
be read. These figures should be redrafted to address this problem. It would also be
useful for comparison with other work to state the total modelled organic and calcium
carbonate carbon production (GtC/yr) in both the modern and PETM versions.

3. Possible future improvements

It is somewhat surprising that radiocarbon was not considered in the manuscript. There
is a long tradition in ocean modelling of comparing modelled and observed 14C, cast
in the form of ∆14C with the help of concurrent 12C and 13C observations. Such com-
parisons help to calibrate the physical exchange parameters in the simpler models (e.g.
Shaffer and Sarmiento, 1995; Munhoven and Francois, 1996) or to validate the circu-
lation and exchange in the more complex models (Matsumoto et al., 2004). Indeed,
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∆14C is very well suited for these tasks since extensive observations are available
and time scales of radioactive decay for 14C match those of ocean overturning. The
LOSCAR model includes all physical and biogeochemical ingredients for a rigorous
treatment of 14C.

As a partial test of the modern day circulation and exchange parameters in the model
(Table 2 in the manuscript), I calculated pre-industrial ∆14C (as a physical tracer; Tog-
gweiler et al., 1989) for the model ocean boxes using an assumed atmospheric value
of 0‰Ṁy calculations yielded -143, -168 and -206‰ for the deep Atlantic, Indian and
Pacific boxes, respectively. This may be compared to approximate data-based aver-
ages for these boxes of -105, -180 and -215‰ (Key et al., 2004). Model values are
considerably lower than observations for the deep Atlantic and somewhat higher for
the deep Pacific. Furthermore, model values for the deep Indian are closer to those
of the deep Atlantic than to those of the deep Pacific whereas observations show the
opposite.

This mismatch derives from model architecture, specifically, 1. from the use of only
one generic high latitude surface box in a multibox model and 2. from a vigorous, deep
circulation directly from the Atlantic to the Indian rather than by way of the deep South-
ern Ocean mixing pot. My calculations yielded -106‰ for ∆14C of the high latitude
surface box, situated between estimated, pre-industrial, high latitude surface values
of -60‰ and -120‰ for the North Atlantic and Southern Ocean, respectively. Like-
wise, modelled preformed properties for this box are more reminiscent of the Southern
Ocean than the high-latitude North Atlantic. As a consequence, the model overturn-
ing circulation carries high values of phosphate, TCO2 and TA into the deep Atlantic,
explaining model-data disagreements of these properties there (Fig.4). Good data-
model agreement for carbonate ion is still found there since CO32- depends on the
TA-TCO2 difference. For future work, it may be a good idea to reconsider LOSCAR
model architecture and to use modelled and observed 14C in the tuning process.
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