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AR: We thank the referee for providing their helpful feedback! In the following, we re-
spond (Authors’ Response, blue) to each of the referee’s comments (black) individually.

In general, I disagree with the premise of the paper to create a name for an aurora-
like phenomena, because the aurora in general contains so much natural variation and
on a continuum of spatial and temporal scales. However, this does not invalidate the
careful and thoughtful work that the authors have done in analyzing the available data
for several specific auroral events. I do not want this paper rejected right out, but I
would like to see less emphasis on trying to establish a new name for an aurora-like
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phenomenon and more emphasis on the analysis of small-scale auroral features, which
show interesting aspects when analyzed in such detail, for example multiple processes
for electron acceleration happening in close proximity or even on the same field line at
different places. It seems that the features discussed only happen in conjunction with
aurora and are thus part of the aurora.

AR: We agree that the focus should not be on finding names for newly reported fea-
tures, but since there is so much variation in the aurora it is much simpler to describe
specific features when there is a named pointer associated with the particular dis-
cussed features.
However, aurora-related phenomena are not necessarily part of aurora. For instance,
STEVE is not aurora, because studies have shown that it is not caused by particle
precipitation. But it is sometimes accompanied by the green “picket fence“ structures,
which many studies have suggested to be a particle precipitation feature, and thus au-
rora. As pointed out by referee 1, there are also examples of studies arguing that the
picket fence is not precipitation-based. Locally generated features are certainly possi-
ble in a disturbed ionosphere, such as during the analysed events, and the available
data suggest a different generation mechanism than particle precipitation.
A more thorough analysis of the electron acceleration processes would absolutely be
of interest, but drawing clear conclusions about these processes at such small scales
is very difficult with the available data. This is outside the scope of the present study,
which aims to provide a general overview of FAE characteristics and hopefully point to
a potential generation mechanism that further studies might then be able to analyse in
more detail.

Specific comments:

Figure 1 does not show any clear evidence of anything other than a typical auroral
display. Also, the actual features cannot be seen under the yellow areas overlaid on
the image.
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AR: This is true. Figure 1 shows “All 262 marked FAE candidates for event 3, overlaid
on the first image of the series taken at 07:36:35 UT. [...]”, as mentioned in the caption.
The FAEs itself did not all occur at the time of this specific picture, which is simply
the first in the analysed series for that date. Our aim with this figure is to show the
distribution of these features over the all-sky camera (ASC) field-of-view and illustrate
the variety of shapes and sizes. We will make this point more clear in the revised
manuscript, in both the running text and caption of Figure 1.

Figure 3 also does not show anything convincing either. There is no scale to gauge the
size of these features extracted from the all-sky camera images. How do these features
differ from what has been termed enhanced aurora (see Hallinan, et al., 1985)?

AR: We agree that a pixel/length/degree scale on the side of one of the panels would
be very helpful and will add this in the revised manuscript. While the enhanced aurora
(EA; Hallinan et al., 1985) describes an enhanced emission in a thin height layer along
(typically) a rayed auroral structure, FAEs do not have the vertical extent of the auroral
rays associated with them. The observed FAEs were also clearly dislocated from the
field lines of the adjacent “normal” auroral features. As EA shows a similar spectrum
to normal aurora, FAEs lack the blue emission component, at least in the samples
analysed in this study. Furthermore, EA has also been observed as a quasi-stable
structure lasting for minutes, while none of the FAEs lasted for that long (generally
less than a minute, often only a few seconds). Overall, this suggests that they are a
different phenomenon. We will add a paragraph on the comparison to EA in the revised
manuscript.

Section 2.1: Inadequate description of how these are identified (just identified by eye).
This will generate selection biases and their identification in general is based on some
thresholds visible in the images that depend on the sensitivity of the camera and the
eye. For example, if a more sensitive camera were used, it is possible that a diffuse
background of aurora would become visible and these spots are just localized enhance-
ments of that background. How are they identified, what metrics are used to determine
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their boundaries, identifying them by eye is not good enough...and can easily introduce
errors and biases.

AR: We agree that the methods/approach used for the identification should be de-
scribed in more detail and will add this to Section 2.1 in the revised manuscript. In
auroral physics visual identification is a standard approach, since there is no robust
automatic auroral identification tool available. It does bring in some human-observer
bias, which thus makes it important to document the selection criteria as accurately as
possible. Visual thresholding is the first step to identify any auroral structures. It auto-
matically means that we cannot claim that we have found all the features, but perhaps
only the most intense ones. The manual identification process will introduce some
errors, which we try to address by ordering the observations into confidence groups.
As the characteristics of the higher and lower confidence groups agree well, we are
confident that most candidates are observations of the same phenomenon, but con-
cede that some other auroral features might have been falsely included in the lower
confidence groups, as stated in the manuscript (line 181 ff.). The background aurora
for FAEs, wherever existing, is red, and thus would not explain the observed green
emission “blob” at lower altitudes.

Section 3.1: The paper mentions that the larger patches identified might just be diffuse
auroral patches. Is it not possible that all of these FAEs might just belong to the general
category of diffuse aurora? Pulsating / diffuse auroral patches have been found to have
very limited altitude extent (see Stenbaek-Nielsen and Hallinan, 1979) and is believed
to be a fairly common feature among the diffuse auroral structures.

AR: Pulsating patches do indeed have a limited altitude extent and they are very com-
mon (60% of the aurora at 3-5 MLT as estimated by Jones et al., 2011), but they occur
within diffuse aurora. The analysed FAEs are seen alongside discrete arcs. Pulsat-
ing auroral patches are also typically much larger and very stable (e.g., Humberset
et al., 2018; Nishimura et al., 2020) with the whole patch or a part of it undergoing
quasi-periodic fluctuations in the emission intensity. However, FAEs are very short-
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lived (generally less than a minute, many just a few seconds) without any sign of obvi-
ous emission intensity fluctuations. The available ASK observations of FAEs also look
markedly different from diffuse aurora and pulsating patches, as they are much smaller
and show more dynamic motion. Overall, this suggests that they are a different phe-
nomenon. We will add a paragraph on the comparison to pulsating/diffuse patches in
the revised manuscript.

Line 152: Can you provide a reference that discusses the details of the electron energy
estimate from that emission line ratio?

AR: This approach is explained in, for example, Lanchester et al. (2009), see the
reference at line 158. We will add a reference also at line 152 in the revised version
of the manuscript. It is commonly used with ASK data, other references are, e.g.,
Dahlgren et al. (2016), Whiter et al. (2010), Lanchester & Gustavsson (2013).

Line 180: I would not say that it is ’clear’. The data presented seem to just show normal
variations within the diffuse aurora.

AR: We agree that the word “clear” should be avoided here and will rephrase this.
The Discussion can be started by saying that “Fragmented Aurora-like Emissions have
been studied [. . .]”. We disagree that these features are just normal variations within
diffuse aurora, as they show too many specific characteristics which do not fit well to
any previously described phenomenon (see above response).

Line 184-185: It is not clear how the ’field-aligned emission extent’ is measured. Paral-
lax is not used, so is it just the off zenith viewing geometry of most of the all-sky FOV?
If the latter is the case, there will likely be large uncertainty in the altitudes just based
on the viewing geometry and what other auroral features could lie along the same line
of sight at different altitudes. If it is the EISCAT signatures, then the wording should
reflect the altitude of ionization and not auroral emissions.

AR: The lack of field-aligned extent is seen in the off-zenith parts of the optical ASC
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images, but the same is also suggested by the EISCAT electron density measurements
of the FAEs at magnetic zenith. A precise determination of FAE altitudes is not possible
with the available data, as we would either need observations from multiple locations
or many more FAE signatures in EISCAT data, as discussed in line 186 ff. We will
add “[...], as suggested by the off-zenith parts of the ASC images and field-aligned
ionisation measured by the ESR, [...]” at line 185 in the revised manuscript.

Line 215-216: Is it not still possible that the O+ density could be up to ∼10 times higher
than the N+

2 and O+
2 densities in this altitude range?

AR: The O+ density could be higher than the combined O+
2 , NO+ and N+

2 densities
towards the upper end of this altitude range, and according to the International Ref-
erence Ionosphere (IRI) predictions for the date of event 3, O+ is the dominant ion
above ∼220 km. However, the point here is to give a lower limit of the electric field
strength estimate. We cannot exclude that the IRI model underestimates the increase
of molecular ions over O+ towards higher altitudes that occurs at geomagnetically ac-
tive times. In the most extreme case molecular ions could dominate even up to 300 km
altitude. Even if we assumed mi =16 (exclusively O+ ions), it would only increase the
estimated E⊥ value by ∼37%. A more reasonable guess would be closer to mi =22
(considering the very low O+ abundances at the lower altitudes), which would result
in a ∼17% increase of E⊥. We will reformulate the statement to make it clearer that
the estimated E⊥ ≈ 70 mV m−1 is a lower limit (if molecular ions are not dominating).
In any case, a higher value would only further exceed the typical threshold for Farley-
Buneman instabilities and thus not change the argumentation/conclusion for this point.

Lines 253-257: This paragraph summarizes the overall uncertainty and limitations of
the data used in the current study, which limits the conclusions that can be drawn from
them. Thus it is not scientifically sound to define a new feature with such a limited
data set, especially without any clear metrics of how they are defined. Multitudes of
auroral structures have been observed within both discrete and diffuse aurora for many
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decades and only very few have been assigned specific names and those come mostly
from historical reasons.

AR: It is important to be clear and honest about the limitations in the identification.
However, hundreds of observations is not an insignificant number of features which do
not fit into any earlier reported type of aurora. We will extend Section 2.1 to improve
the metrics description and more clearly state how the events have been identified. As
discussed above, visual identification of auroral features is a standard approach, and
the aim of the present study is not to present a definite answer on the nature of FAEs
or their origin, but rather to provide a first overview of their apparent characteristics
based on the available data. Based on our analysis, we arrive at the conclusion that
the observed features do not fit the characteristics of any previously reported auroral
features, which is why we present them as a potential newly reported phenomenon.
We disagree with the idea that features should not be named just because many other
features do not have names yet. Naming and reporting on a rare and unexplained phe-
nomenon is one of the first steps to gathering further observations and thus ultimately
to understanding its formation mechanism.
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