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This is a paper on an important subject: vertical redistribution of tracers by parameterized
convective mixing in CTMs. Two models are compared and run with and without
convective mixing. Many of the model differences can be explained by the differences in
convection. In that sense, the paper has a clear message.

Having said this, I think that the analysis itself is rather superficial and raises a couple of
questions. Off-line models rely on parameterizations of the parent meteorological models.
The authors mention that “time-averaging” in the transfer to the GCM may lead to biases.
However, no results are presented that specifically address effects of temporal averaging.
Apparently, this paper is an interim report of ongoing investigations. Likewise, the
fundamental differences between the parent models (GEOS having a one-updraft-
detrainment scheme and IFS a more involved updraft-downdraft separation) is untouched.
Figure S9 portrays the differences in convective mass-fluxes. Large differences are
apparent, but explanations of impact are lacking. As an example, it would be very
instructive to investigate the vertical redistribution of a non-well-mixed column of tracer
after e.g. several time-steps.

This brings me to another important point. Vertical mixing of tracers is extremely non-
linear, with a well-mixed column as the end-point. In that respect, I was surprised to read
that the GEOS-Chem mass fluxes assume a well-mixed column (whenever convection
appears), both for convection (line 121) and for PBL diffusion (line 132). There must be an
explanation for these choices, which obviously have a huge effect on mixing, but maybe I
do not completely understand the reason for this choices.

In summary, my feeling is that a more in-depth analysis of the vertical mixing and the
underlying choices in the parent models is needed to fully understand the huge differences
presented in this paper. The current analysis, while interesting, raises many unresolved
questions, which need to be addressed to bring this paper beyond an update in ongoing
investigations.



 

Some minor points:

Around line 95:

 “This mixing matrix takes on the form of a tri-diagonal banded matrix with nonzero
entries up to the cloud top, with nonzero non-diagonals allowing nonlocal mixing between
all levels with convective activity within a single convective timestep.”

 

I do not understand how nonlocal mixing between all levels can occur when the matrix is
tri-diagonal banded. This only allows exchange between adjacent layers (like diffusion).
The concept of convection is that important for this paper that the reader needs to obtain
full understanding of the modelled process. This does not help: maybe a figure and/or
example is more illustrative.

Moreover, I think the convective parameterization in the “TM5-parent” ECMWF IFS model
needs to be outlined in the paper (as for GEOS). This parameterization changed over time,
and the ERA-I version needs to be properly described, see e.g.:

 

https://www.ecmwf.int/sites/default/files/elibrary/2021/20198-ifs-documentation-
cy47r3-part-vi-physical-processes.pdf, chapter 6.

 

Figure 2 is interesting, but hard to read. First of all, units are missing. Second, the outer
panels axis labels are unclear. Third, without an obvious reason the color in the outer
panel changes from black to red. In figure 3 once more the unit is missing. Figure S1 is
not useful without proper explanation of the symbols and nomenclature in the caption.



I also upload the annotated pdf that contains some small additional remarks.

 

 

Please also note the supplement to this comment: 
https://acp.copernicus.org/preprints/acp-2022-616/acp-2022-616-RC1-supplement.pdf
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