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The paper discusses the dispersion of emissions of aviation from cruise altitudes in
the Northern Hemisphere atmosphere. The paper considers the emissions as given
in a data set as provided by FAA and Volpe for the ACCRI project [Wilkerson et al.,
2010; Brasseur et al., 2016]. The emissions are treated as passive tracers, without any
removal process in the atmosphere. The emission are followed over several seasons (3
months periods), starting from zero initial concentrations. The model considers tracer
transport by advection with the resolved wind field of a hemispheric global model and
by diffusion from a convective mechanism. I do not know this model and information
is given in this paper about this model only in terms of a few references and some
resolution information.
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So the paper studies how a passive tracer emitted from a more or less continuous
source near the tropopause accumulates in and gets distributed over the atmosphere
within 3 months periods for various seasonal meteorological conditions.

The paper studies the mass fraction of tracers in model layers and in various source
and receptor domains including a surface layer (of unknown vertical thickness).

The paper aims to investigate physical processes in transporting cruise altitude emis-
sions in the atmosphere. However, I cannot learn anything about physical processes
except that they vary with season and altitude, and that convection may be important
in summer. That is not new.

The paper claims to be the first in using a “tagged tracer simulation” to quantify source-
receptor relationships. Tagging is needed to follow the fate of tracers in a nonlinear
system [Grewe et al., 2010]. In this study, the tracer transport is linear in the concen-
tration values. A doubling of the sources causes a doubling of the concentrations. In
this case, emissions from various sources can be treated independently of each other
and tagging is trivial. Similar studies of the dispersion of NOx as a passive tracer
from various sources, with linear chemistry, have been presented, e.g. by Ehhalt et al.
[Ehhalt et al., 1992] and Köhler et al. [Köhler et al., 1997], long ago.

So, this is an academic study. That would be acceptable if done well. However, I also
have technical problems:

What is the vertical resolution. How thick is the surface layer? What are the time step
sizes? Which process is simulated by asymmetric diffusion?

Page 4, line 3: why do you mention water vapor. Why not CO2?

More general, why do you talk about NOx emissions when you simulate the emissions
as a passive tracer? NOx has a lifetime of typically 5 days in the free troposphere, and
often much shorter near the surface. Thereafter, most NOx is converted to HNO3 and
other species after a few days. CO2 would be closer to the passive tracer concept.
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I am sceptical about the conservation properties of the model in this study. The paper
talks about the amount of a species measured in moles. But I would expect that one
should discuss a conservative concentration measure like the molar mixing ratio of the
tracer (number of moles of the tracer per mole of air).

Fig. 1 presents emissions in units of moles/s. This is a species abundance source
rate. In order to assess this, one needs to know the respective air volume in which the
emissions occur.

When computing mean values, do the authors weigh the results with the volumes or
do they add concentrations from small grid cells (near the poles and near the surface)
with the same weight as sources from large grid cells (in the tropics and in the upper
atmosphere)? That is not clear presently.

Fig. 3, winter, shows a maximum of mass fraction forming in the lower troposphere,
i.e., in a region without sources. How can that happen? Yes it can happen temporarily
when advection dominates relative to diffusion processes. When averaged over longer
period, it should not happen. However that is not discussed. I have the impression that
the model violates conservation laws.

The paper is good in citing many related studies. In fact, I was not aware on many
of them. But it appears somewhat random in the selection of references (those of
major and minor relevance for this paper). There are many other important studies
which dealt with tracer or aviation emission transport in the global atmosphere earlier
or more complete. Examples are as follows: Ehhalt et al. [1992]; Danilin et al. [1998]
, Forster et al. [2003], Koehler et al. [1997], Brasseur et al. [1996], Brasseur et al.
[1998], Gauss et al. [2006].

In summary, the paper in its present form does not satisfy the quality criteria of ACP.

I just looked at the paper Veenam et al. (JGR, 2017), cited in this paper, which just
appeared. It seems that this is far more advanced. It includes the chemical processes
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that are mentioned in the outlook of the ACPD paper. So, I am not convinced that the
present paper is still needed.
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