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Dear Editor,

We are very pleased to answer your request.
We have changed the paper according to suggestions from the reviewers. We have also included some
additional changes that seem more appropriate especially in the introduction and section 2.

The parts that have been changed are in blue color.

Following your recommendations, you will find answers to the first and second referee.

Answers to referee 1;

1)- L19 “The day-night difference in solar heating and upward propagating atmospheric tides control the
thermospheric wind circulation during quiet time conditions. “Solar heating in the thermosphere is the
main cause for the diurnal variation of the thermospheric winds. Tides can modulate the thermospheric
wind (e.g. nonmigrating tides). But they are not the major source for wind circulation in the thermosphere.
The sentence places the solar heating and tide in equal weight is not accurate.

Yes, you are right; the sentence “The day-night difference in solar heating and upward propagating
atmospheric tides control the thermospheric wind circulation during quiet time conditions” can be
misleading and understood as if the solar heating and tide are put in equal weight which is not accurate,
as you said. Of course, the solar heating is the primary source that drive the thermospheric winds. Tides
play secondary role compared to solar heating but important though as it modulates the wind circulation
and deposit energy into the thermosphere. For example, nonmigrating tides shape the longitudinal
dependence of the law-latitude ionosphere and an additional important effect is the upward propagating
global wave features from the atmosphere below. Upward propagating planetary waves, tides and gravity
waves deposit in the thermosphere an important amount of energy as their amplitude grow with altitude
and reach a point where they break down. It has been shown that thermospheric winds are heavily
influenced by upward propagating tides and that they have a significant impact on the day-to-day
variability of the winds. In regard to space weather tides are important.

We therefore propose to change the sentence mentioned above (L19 page 4) by the following sentence:
"The day-night difference in the solar heating is the primary source that control the thermospheric wind
circulation during quiet time conditions. Another important secondary source are upward propagating
tides."

2)- L24 ‘Mendillo (2006); ?; Emmert et al. (2004).
We have corrected this reference.



3)- There should be some mention of the weather condition for the FPI observation. Hope in the future,
there will be some model comparisons.

Concerning the weather conditions, we have a cloud sensor. The sky has to be clear before measurements.
Concerning the comparison with models, we have compared the winds with the DWMO07 model.

Answers to referee 2;

.... S0, | would recommend the authour to include another case study when there was a geomagnetic
storm, but no TAD or EPB appeared. That would eliminate the effect of change in electrodynamics
associated with TADs or EPBs on the thermospheric winds above the observation region. This would isolate
the pure effect of geomagnetic activity on neutral winds over the station from other factors.

1)- There are indeed many geomagnetic storms without the occurrence of EPB and TAD feature of the
thermospheric wind. We have data of such nights but including them in this paper will modify the core of
the paper which focuses on the 27-28 Feb geomagnetic storm.

EPB occur in quiet time [Makela et al., 2004] and disturbed nights [Huang et al., 2002]. TADs also occur in
quiet and disturbed conditions [Fujiwara et al., 2006]. In quiet time, TADs are the origin of the Midnight
Temperature Phenomena [Meriweather et al., 2011] which appears in our data as an enhancement of the
thermospheric temperature and a reversal of the meridional winds. This is localized event in time. It is as
if this localized event superposes to the quiet time feature of the winds and temperature. TAD resulting
from geomagnetic storms [Ritter et al., 2010] have totally different features from those occurring in quiet
time. The TAD that occurred on the 27 Feb 2014 is caused by the storm. There might be a minor contribution
of what we could call “a quit time TAD” superposed to the “the storm TAD”.

The fact that on that night EPB develop was helpful to see the electrodynamics of the ionospheric medium.
Thank you for this relevant remark. There are indeed important questions to address in regard to our data;
1) do EPB develop equally in quiet and disturbed nights? 2) what is the rate of development of TAD during
geomagnetic storms. It is important to make a statistical study to answer those questions.

| think the authour should include a location descriptor in the title (like -................. geomagnetic storm over
north Africa) as this is a study of localized events.

2)- We will change the tittle to “lonospheric and thermospheric response to the 27-28 February 2014
geomagnetic storm over north Africa”

We proposed earlier the referee 2 this tittle;

“lonospheric and thermospheric response to the 27-28 February 2014 geomagnetic storm of the
western part of north Africa”

Line 9 page 1: | think replace “......... 22 LT, when the zonal.....” with “........ 22 LT, after the zonal.....”
3)- We correct in the text.

L32, page 2: Please include citation with “reversal in the background ionospheric electric field was evident
through the dynamics of the plasma bubbles that occurred that night.”
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4)- We added those citations at the end of the phrase L33, P2. [B.G. Fejer and al., 2016, Blanc and
Richmond, 1980]

L33, page 2: Define EPB first and then start using this acronym.

5)- We define EPB; Equatorial Plasma Bubbles in the text.

c2

L35, page 2: Replace DWM with DWMO7 or stay consistent with the naming style.
6)- We change in the whole paper DWM to DWMQO?7.

L32, page 4: Figure 3 shows zonal and meridional winds measured with the FPI. As discussed in the section
3, this FPI measure LOS winds in four cardinal directions. So, you have 2 measurements in zonal and 2 in
meridional direction. Did you average those LOS wind measurements in each direction to calculate zonal
and meridional winds? If yes then please describe it either in section 3 or here.

7)- Yes, this is right we averaged the meridional LOS and the zonal LOS.

We added in L33, P 4;”..power outage. The FPI Measures Line of Sight (LOS) winds in four cardinal
directions; East, West, North and South. The East and West LOS winds are zonal winds and the North and
South LOS winds are meridional winds.

Are they geographic or geomagnetic winds? Please state this too.

The winds are geographic, we included this precision in the text. L32, P4 we changed the phrase to “Fig 3
shows the geographic meridional and zonal winds ....”

L33, page 4: The FPI measurements are binned into half hour bins. | am wondering why the FPI

measurements are binned. The data could be shown at its original temporal resolution.
8)- Yes, you are right. The idea was to have a component for the meridional wind and one for the zonal
one. The FPI makes a sequence of measurements (laser, Zenith, North, East, South and West), one after
another. In order to have a meridional and a zonal component of the winds we have to average. The
meridional look directions are separated by 500 km and so are the zonal ones. In a previous paper dedicated

to the climatology of the winds over our region we followed this protocol [Kaab et al., 2017].

This was also useful for the comparison with the DWMO7 model. To compute the disturbance winds in
Figure 5, we needed to compute the climatology and disturbed winds on the same time basis. Therefore,
some type of interpolation or binning was necessary for that analysis. In Figure 4 and 7 we show the original
temporal resolution and show separately the North and South look directions.

L1, page 5: The authour started using “quiet time” before defining it. It is defined in line 4, page 5.

9)- We will define the quiet time earlier; in line 1 page 5 we will add “.....30 minute time bin. The quiet time
refers to data with 3 hours Kp < 4. The average quiet time wind components derived from ....”

L1, page 5: replace “The average quiet time derived from” to “The average quiet time wind components
derived from”.
10)- We correct in the text.



L7, page 5: Instead of “sharply at 21 UT”, it should be “sharply after 21 UT”. L9, page 5: replace “quiet time
climatology and reverse” with “quiet time climatology and turn”.
11)- We correct in the text.

L11-12, page 5: Are these TADs associated with or caused by the geomagnetic storm? Please discuss.

12)- These TADs are caused by the storm given their features. (Please see answer 1)

TADs are caused by geomagnetic storms [Bruinsma and Forbes, 2006; Jiuhou, et al., 2008] and sub-storms
[Ritter et al., 2010]. During storms and sub-storms, the thermosphere density at high latitude is enhanced
and the disturbance travels to lower latitudes with typical speed of 650m/s and reaches the equator 3-4
hours later on average. The wind features related to those TADs are absent in our quiet time data. TADs
occur also in quiet time and are responsible for the MTM phenomena which exhibit totally different wind
and temperature patterns.

L~15, page 5: Could these strong changes in zonal and meridional winds be related with the sharp changes
in the background 630 nm airglow intensity as shown in Figure 8. The sharp intensity gradients in airglow
in a small region in the FPI field of view may introduce errors in the recovered spectrum and those errors
can propagate into the wind estimation procedure. Please discuss or cite.

13)- Figure 8 shows that there are large-scale gradients in the airglow brightness over Oukaimeden. These
do not dffect the wind measurements shown here because the FPI has a field of view subtending a ~10 km
diameter at 250 km altitude. Significant airglow gradients are not expected in this small area, especially
gradients that persist over multiple minutes of exposure time. Large-scale gradients outside the field of
view are a potential concern [Harding et al., 2017], but the situation here does not meet the criteria for a
large atmospheric scattering effect. Namely, there is not a bright region with a large line-of-sight wind (the
dark region in the north here has the largest line-of-sight wind), and the vertical wind estimate does not
appear to be affected by more than 30 m/s.

The contrast in figure 8 is not the real contrast between the background and the EPBs. We will add a video
extracted from the images collected from the camera. We changed this figure by putting images of the
EPBs that illustrate the reversal of the drift velocity of the EPBs.

L10-20, page 6: Please reorganize the sentences to make it more legible.

14)- We will reorganize the sentences; from L8-20 page6;” To quantify the geomagnetically disturbed
thermosphere, they established a quiet time reference that they subtracted from each measurement
[Emmert et al. (2008)]. We removed the average quiet-time wind from the wind measured on Feb 27 and
compared this with the model prediction by DWMO7 for this storm. Results are shown in Figure 5. The
model predicts westward disturbed zonal winds with maximum speed of 60 m/s from 19 UT until 23 UT.
The measured disturbance wind is westward during the whole night but with a maximum speed of 140 m/s
around 00 UT. The speed is then much higher than expected by DWMO7 empirical model. The meridional
disturbed wind is clearly equator ward (Figure 5) until 00 UT with a particularly steep increase starting at
21 UT reaching a maximum speed of 90 m/s at 22.5 UT. An abrupt decreasing meridional speed occurs
shortly after 00 UT reversing the disturbed winds to northward direction at 01 UT. However, the predicted
meridional winds are extremely low with a reversal time of 23 UT instead of 01 UT for our measurements.



The general feature of the wind agrees with the model predictions but we measure faster speeds and the
effects of traveling atmospheric disturbances were clearly noticeable from our measurements and absent
from the model predictions”.

L20, page 5: Please add some details regarding DWMO7 that it is a climatological model. TADs do not occur
periodically or are predictable. Therefore, their effects are washed out in climatology.

15)- We modified the text starting from L18 page 6; “The general feature of the wind agrees with the model
predictions but we measure faster speeds, and the effects of TADs were clearly noticeable from our
measurements and absent from the model predictions. The DWMO7 model predictions provide a good
indication of the new circulation pattern caused by storm activity, but it does not include the effects of
TADs. This is expected because DWMO?7 is a climatological model. It does not include dynamics, so it cannot
model TADs.”

L28, page 6: Your definition of quiet-time has changed here - Kp<3. Earlier it was Kp<4.
16)- We will stay consistent and keep the 3 hours Kp < 4 as the definition of quiet time in the TEC data and
the FPI data.

L7-9, page 7: Please remove redundancy.

17)- We removed the redundancy and replace the phrase (L 7-9 page 8) by; “... absence of correlation with
the meridional winds. In this region, on a normal day, the TEC is small and not changing during this time.
On the storm day during this time, the TEC starts high but returns quickly to its normal values. In region 2,
between 19 and 00 UT, we can notice that the TEC correlates in some ways with the meridional winds. In
fact, when the meridional winds are more equatorward, we observe a decrease of the TEC."

L10, page 7: | think you are trying to say here that “when meridional winds are more equatorward, ........”
18)- Yes. We correct in the text.

L12, page 7: “reduced density” - | think you mean “reduced plasma density”.
19)- Yes. We precise it the text.

L25-26, page 7: | could not extract this information from Figure 8. For example, 27 Feb at 22 UT - this time
period is not shown in Figure 8. An extended temporal sequence of EPB motion in Figure 8 is desirable to
assist what you have described here.

20)- We changed this figure by another one that illustrates the reversal of the drift velocity of the EPBs.

L3, page 8: slices of keogram in zonal or meridional direction?
21)- The keogram is made using geomagnetic zonal cuts. We will change the paragraph and we will not
mention the keogram since we are not displaying it.

L3-10, page 8: | would suggest to elaborate this technique more in this paragraph.
22)- We changed the paragraph; L 3-10 by; “Figure 9 shows the EPB zonal drift velocity which is estimated
from the images in Figure 8 by performing a cross-correlation analysis. We assume here that the EPB drift
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velocity is a good proxy for the background plasma drift velocity. Slices of the image are taken along a line
of constant magnetic latitude (the blue line in Figure 8), and a cross-correlation is taken between each
image and an image 15 minutes later. The time lag corresponding to the maximum correlation is used to
determine a velocity, under the assumption that structures in the image do not change significantly over
15 minutes. The zonal drifts estimated throughout the night can then be compared to the zonal neutral
winds to investigate the dynamo during storm time conditions. Figure 9 also shows the average measured
zonal winds and quiet time monthly average zonal winds for this storm. Due to the small magnetic
declination at Oukaimeden (~2 degrees), the magnetic and geographic winds are nearly identical, allowing
this comparison. Two major observations can be drawn from this figure; first, the neutral winds are indeed
westward, indicating forcing from the geomagnetic storm, and second, the EPB drifts tend to closely match
the neutral winds, indicating that the dynamo is fully activated during this storm”.

L5-6, page 8: It would be nice to know how this uncertainty of +-1 m/s was calculated.

23)- Given an assumed projection altitude of the redline emission of 250 km, the width of sky measured by
one pixel of the CCD for the All-Sky Imager is roughly 1000 m. We chose to correlate with images separated
by ~15 minutes, meaning the smallest observable drift speed estimated from this technique is +/- 1 m/s
(this also assumes that the features in the sky do not vary significantly over time and we can perfectly track
it moving over exactly one pixel.) Likewise, the maximum limit for observable drift speed from this
technique is +/- 264 m/s (assumes we correlate using the center 66% of the pixels).

We have removed the discussion on the uncertainty from the text.

L17-19, page 8: This information is redundant.
24)- Yes. We eliminate L17, L18 and L19 in page 8.

L29, page 8: until 01 UT of 29 Feb.
25)- Yes. We correct in the text.

Figure 3: Figure show zonal and meridional winds, but are they geographic or geomagnetic? Please
describe. Also, their titles “Meridional wind vs Quiet time” and “Zonal wind vs Quiet time” are not
appropriate. Please change them.

26)- Figure 3 shows geographic meridional and zonal winds. We will precise in the figure legend that these
winds are geographic. We have removed the title of figure 3.

Figure 4: | think Figure 4 is redundant as Figure 7 includes all the information displayed in Figure 4. So, you
can remove Figure 4 (if you want).
27)- Yes, we will keep both.

Figure 9: | assume the winds shown earlier are geographic. How did you calculate magnetic zonal winds
from the LOS winds? Is the instrument aligned with magnetic axis? Although this is not the focus of this
paper, but it should be stated or discussed in the data and methodology section.

28)- Winds are geographic zonal winds because the declination is only two degrees over Morocco, so we
assume that they are equivalent to the geomagnetic winds. This simplification was made because to
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properly calculate a geomagnetically zonal wind, we would need to rotate the zonal and meridional winds
into the magnetic zonal direction. This then requires a meridional wind measurement for each zonal wind
measurement; thus, our zonal wind estimates would be smoothed over/ blurred because more assumptions
must be made to combine N/S E/W measurements together (and this would increase uncertainties and
decrease our time resolution of the winds).

Also, what are MOR winds (in the title of Figure 9)?

MOR is the name of Oukaimeden station in the network of FPIs. We will remove this name from this figure.
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