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The authors compare two different mixing models: KPP and the GISS model against
data in the Mediterranean Sea. In principle, this is a worthwhile exercise provided the
reader is being made aware of the key physical difference the two models. This is not
done properly in this paper. It is demonstrably untrue that, as the authors write “There
is a plethora of SOC" (second-order closure). Here the authors may be confusing SOC
models with models for the dissipation which may indeed assume a variety of forms.
The freedom in the SOC models stems from the way one chooses the form of the
pressure correlations. The original MY (Mellor-Yamada) models chose a set of values
which led to the prediction of a very small (0.19) critical Richardson number above
which turbulence mixing subsides. In an important paper in 1985, Martin showed that
to reproduce the measured depth of the ML, Ri(cr) had to be of order unity, four times
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as large as what MY predicted. The SOC community did not step up to the plate and
the impression naturally arose that there was something intrinsically wrong with the
SOC approach and thus KPP was proposed as an alternative.. In 2001-2002 the GISS
model was proposed (JPO, 2001, 31,1413; 2002, 32, 240, cited here as Cheng et al.,
2002 which is not quite proper) and it showed that the improvements made since the
80’ in understanding/ modeling the pressure correlations naturally produced a Ri(cr) of
order unity, as required by martin. It is fair to say that if such work had been done in
the early nineties there would probably been no need for a KPP-type model.

To that, one must add a further decisive ingredient. the RNG renormalization group
technique offers the possibility to compute some key dissipation time scales which
would otherwise be undetermined. The sum of all these ingredients is that the GISS
model is almost free of adjustable parameters. To say that KPP has a "large number
of empirical adjustable parameters” without a juxtaposition with what happens with the
GISS model is incomplete at best.

The KPP model must adjusts the coefficients below the ML, while the GISS model
predicts them and such predictions were compared with the NATRE data. The GISS
model includes DD (double diffusion) processes and the salt-heat diffusivities predic-
tions were compared with observations.

The authors say that DD are excluded in their module for KPP. It would have been
useful to know why, considering that in many places in the Mediterranean Sea one
would suspect that DD processes are relevant.

An important issue is non-locality especially when convective events set in, as for ex-
ample in the GL region. KPP is being used in its non-local version which means that
in those regions, the KPP depth of the ML as a deep as one can get. On the other
hand, the GISS model in its present formulation is local and thus under-predicts the
ML depth in convective regions. And yet, Fig. 6 shows that KPP ML depth is only
slightly deeper than GISS, which is not what one would have expected. It would have
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been quite useful to have more discussion on this point since previous studies (Ocean
Modelling, 2004, 7, 75) show the opposite behavior. This brings about another point.
Which variable must be treated non-locally? Convective flux, eddy kinetic energy, eddy
potential energy? KPP adopts a non-local model for the convective flux, but it is not
clear if that is sufficient. Since a clear understanding of which variable must be treated
non-locally is not yet available, the GISS model has not been made non-local.

In summary, | think that the high quality data the authors have at their disposal can
and should be used to test KPP and GISS, two models that differ in a quantitative way.
Key processes like DD, non-locality, etc can then be analyzed. This is a first attempt
and the hope is that the next time around the authors will concentrate more on specific
items and their physical meaning and implication.
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