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Summary:

This is a relatively short manuscript that indicates how to estimate Absolute Salinity
(and hence density) for ocean waters in a way that attempts to take into account the
geographic variation in relative ocean composition.

It uses information about the distribution of dissolved silicate concentrations in the
world's oceans (Gouretski & Koltermann, 2004) together with a set of empirical equa-
tions (based on 811 measurements of density, practical salinity, and dissolved silicate
concentration for samples located around the oceans) to infer the geographic distri-
bution of the magnitude of the necessary adjustment required to convert a measured
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Practical Salinity to an Absolute Salinity.

The rationale for this lies in the recently proposed thermodynamic equation of state for
seawater (TEOS-2010) which expresses density (and other thermodynamic properties
of seawater) in terms of Absolute Salinity (rather than Practical Salinity as in EOS-80).

Clearly this information should be published, however this manuscript is not as clear
as it could be, and requires editing to make it clear to its readers. | am also concerned
that the results described in this manuscript cannot be easily used directly, but rather
depend on computer programs that are presently available on a web-site that is not
part of the journal. Finally, | feel that the paper needs a better discussion of the overall
uncertainty of this proposed adjustment, and its oceanographic implications.

Comments:

1. The authors wait until the last paragraph of section 1 (p. 220, lines 7-13) to clearly
state what the paper is about. | suggest this move to the start of the Introduction, and
then the introduction build from there.

2. One difficulty is that - at this time - readers of this article are unlikely to be com-
pletely comfortable with the separate (though related) concepts of Practical Salinity,
Reference-Composition Salinity, and Absolute Salinity. The authors should provide a
clear (though brief) statement of the distinction between these, and the benefits of
making that distinction.

Even the authors themselves are not consistent in their terminology. Lines 21-22 (p.
217) refer to Si as “Reference Salinity”, while line 17 (p. 218) refers (correctly?) to
“Reference-Composition Salinity.” Saying this is OK in table 1 is not really helpful

3. Another component that is not part of the “reference composition” is dissolved or-
ganics. These were probably present in the seawater used to define the densities as-
sociated with EOS-80 (which data, | believe, is integrated into TEOS-10). How should
organics be incorporated into the Absolute Salinity?
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The statement (p. 217, line 25) that “Young’s rule indicates that ..." is not particularly
helpful. Most references | have seen to Young's Rule(s) refer to mixtures of electrolytes
(originally on a volume concentration scale).

Although Millero’s 2001 book (p. 414-415) extends the work of Reilly and Wood (eq
6.6) to include a non-electrolyte (eq. 6.9), | doubt that the implications of this statement
means much to a typical marine scientist. | think it should be rewritten to clarify that
both simple models of salt solutions and experimental experience leads one to believe
that Absolute Salinity is an appropriate thermodynamic variable (rather than a detailed
composition).

5. I am not comfortable using the symbol “SiO-" to (implicitly) refer to the concentration
of total dissolved silicate in micromoles per kilogram (equations 2-6). Nor, strictly, with
the use of the word “silicate” as an abbreviation for “silicate concentration”. | think these
usages should be changed.

6. p. 220, line 19 - shouldn't this be “Fig 2a"?

7. p. 220, line 20 - my copy of this manuscript did not have an colors in Fig. 2a. Either
it should, or this sentence needs rewriting.

8. The description of the algorithm for estimating §S4(¢, A,p) (pp. 223-224) is not
sufficiently clear. Perhaps it should be written as a series of humbered steps that
would allow of unambiguous understanding?

9. One thing that is clearly missing from this discussion is any statement of the un-
certainty of the modeled values for §54. Figure 2b (and even the “good” data of Fig.
3) suggest that the error is largely independent of the silicate concentration, and may
be as large as 0.005 in SA for a single sample. What are the implications of this for
oceanographic use of computed densities? Does the smoothing inherent to the proce-
dure detailed here improve the situation? How much?

10. Table 1.
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Surely the Specific Gibbs Energy is not measured in g kg~!! There is a problem in the
expression for “absolute pressure”. Shouldn't it be P = 10* (p/dbar) + 101 325 Pa ?

11. Table 2.
| don't really see the advantage of including this data set in the paper.

12. Figure 2
It is misleading grouping these two figures as if they were a single figure. Figure 2b
is not a view of the distribution around the straight line in 2a, but strictly comes after
figures 3-6.

Figures 3-6

| do not feel that the (a) parts to these figures really add a lot more than was presented
in 2a. The use of open circles to represent “modeled” results is confusing, strictly the
difficulty is that these “modeled” data are not monotonic when projected onto these
plots, thus they are more confusing than helpful.

| thus suggest that Figure 2 comprise 4 panels (one for each geographic province)
showing 054 plotted against the silicate concentration (see #5). It may be helpful to
draw the same overall line (from the current 2a) in each panel to make clear how much
the relationship varies from one province to another.

Figure 3 could be 4 panels corresponding to the residuals relative to equations 3-6.

Figure 4 would then simply be the present figure 2b, that is the residuals relative to the
final model.
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