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1 Overview

This paper by A. Evtushenko, F. Kuterin and E. Svechnikova focuses on the chemistry
of daytime sprites. Little is known about daytime sprites, and their existence is only hy-
pothesized from a handful of radio observations. Unfortunately, in its present form, the
work by Evtushenko et al. contributes little to our further understanding of these phe-
nomena and contains several issues that prevent me for recommending its publication
in ACP.

The paper presents modeling results but it does not connect them to any existing ob-
servation. It also does not indicate a realistic path where the model can contribute to
explain a future observation and thus elucidate the physical mechanism behind the ra-
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dio disturbances above thunderstorms. There is no discussion on whether the modeled
changes in conductivity would explain explain the observed radio disturbances. Such is
the kind of discussion that would contribute to our understanding of these phenomena.

| should also comment on the use of the term “sprite” in the title and through the
manuscript. Sprites are electrical discharges above thunderstorms composed by thin
ionized plasma filaments. These filaments, called streamers, propagate because the
small radius of curvature at their tips strongly enhances the electric field and induce
strong impact ionization. The electrostatic model proposed in this manuscript (see
equation (2)) disregards this curvature and therefore it is misleading to talk about
sprites.

The discussion presented here is more appropriate for halos: diffuse, extended dis-
charges where the curvature of the charge region plays a minor role. The authors call
this “diffuse mode of propagation” and it is true that we do not know for sure if the hand-
ful of radio signals mentioned above are caused by sprites, halos or something different
altogether. However, the electric fields selected by the authors are probably too high
for halos: any small inhomogeneity in the atmospheric conductivity would locally drive
the electric field above the effective ionization threshold and trigger the propagation of
streamers.

Since a sketch of the atmospheric chemistry involved in a daytime sprite/halo was al-
ready presented by Winkler and Notholt (2014), the claim to novelty in the manuscript
by Evtushenko et al. is the self-consistent computation of electric field. However, the
validity of this computation is not clearly established in the paper for the reasons men-
tioned above.
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2 Additional issues

ACPD

Some other, more easily fixable but still relevant problems that | found in the manuscript

are: _
Interactive

comment
* line 47: Please include references for the conductivity of the daytime ionosphere.

* line 70: “reactions are left beyond the framework of consideration.” What reac-
tions? Why? How do we know if they are relevant?

* line 85: “all species containing chlorine were not taken into account”:. Should
they? Again, how do we know?

+ line 90: This expression does not include stoichiometric coefficients when they
are not equal to one. For example the right side of reaction (R17) contains 2
electrons.

» equation (4): This equation lacks units and a reference.

* line 107: The distance between the thundercloud and the discharge here is
shorter than for normal sprites. Is it still acceptable to disregard the charge struc-
ture in the cloud? What about the induction field? Can it also be neglected here?

* line 117: Please specify what is meant by “quasi-equilibirum state”. Is the elec-
tron density stationary after relaxation? You should compare the electrical prop-
erties of air at that point with atmospheric measurements to ensure that the com-
putations are realistic. It would also be interesting to see the evolution of the Printer-friendly version
unperturbed system for 1000 s to see if parts of the perturbation attributed to the
discharge are present also in a freely evolving system. Discussion paper
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* line 138: It is not true that streamers do not develop below the conventional
breakdown electric field: they are easily triggered by inhomogeneities and can
propagate in fields as low as ~20 Td.

3 Detailed review criteria
3.1 Scientific significance

| think that the paper is not a substantial contribution to scientific progress. It does not
contain any new concepts, ideas, methods, or data. The methods in the paper have
been applied before in other contexts and their validity in the present context is unclear
and not carefully discussed.

3.2 Scientific quality

It is not clear if the proposed methods are valid. The model is valid for halos but the
electric field is too high for a halo-only discharge. We do not know if the radio signatures
that motivate this paper are due to sprites, halos or something different. The authors
do not discuss this.

3.3 Presentation quality

The presentation quality is generally good although some aspects can be improved.
There are a few awkward sentences and the legibility of the figure labels could be
improved.
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