
We would like to thank the referee for the careful review of the paper.

1. Lines 10–12 on page 1. It is mentioned that "O2(1Σ) shows secondary maxima during winter and spring, which are
related to the downwelling of atomic oxygen after large sudden stratospheric warmings (SSW)." What does the "secondary
maxima" mean? It was not pointed out in the description in the text.

Response: We mean “Additional polar high values of O2(1Σ)”.
The manuscript is changed as follows:
“O2(1Σ) emissions show additional high values at polar latitudes during winter and spring. These additional high values are

presumably related to the downwelling of atomic oxygen after large sudden stratospheric warmings (SSW).”

2. Line 2 on page 2. It is better to add a reference for the sentence "has been a matter of dispute for some years".
Response: In our response we take into account the comments from both of the reviewers. The text now reads as follows:
O∗2 represents any of the seven states below the first dissociation limit. Bates and others argue that the population distribution

between these states can best be approximated statistically, in which the 5Πg state is produced in almost 40% of the collisions
(Smith, 1984; Bates, 1992; Wraight, 1982). Most of the O∗2 derived from recombination is found in the A3Σ+

u state (Slanger
and Copeland, 2003), and in a recent review Huestis concludes that all of the recombining atoms pass through the Herzberg
states c1Σ−u , A′3∆u, and A3Σ+

u (Huestis, 2013). Stegman and Murtagh (1991) provide the quenching parameters resulted
from analysing the measurements of the near-ultraviolet portion of the nightglow to fit the synthetic spectra of the Herzberg
bands of O2. These parameters set an upper limit of 10% production efficiency on the generation of O2(c1Σ−u ) in the atomic
oxygen association reaction . Admittedly, proper accounting of the correct products of (R1) can be complex. Recent research
has investigated this issue, e.g. Kirillov (2012, 2014). Therefore we assume the production of a surrogate “hybrid” state O∗2 in
the photochemical model.

3. Line 4 on page 5. It is better to add "based on O2(1Σ) emission " after "performed remote sensing measurements of upper
atmosphere winds and temperatures."

This phrase was added to the corresponding place.

4. Line 20–21. "Daylight measurements by SCIAMACHY during the Envisat orbit begin with limb measurements of the twilit
atmosphere (Bovensmann et al., 1999) which are located in the northern polar region (above 75 ◦N)." I can not catch the
meaning of this sentence.

Response: The text was changed to make the meaning more clear. The manuscript is changed as follows:
“A typical orbit starts with a limb measurement of the twilit atmosphere, followed by the solar occultation measurement

during sunrise over the North Pole and an optimized limb-nadir sequence. (Bovensmann et al., 1999). ”

5. Lines 27–28 on page 9. Figure 4a just shows emission intensities at some altitudes; especially the intensity at 83 km is not
shown in this Figure. How to draw the conclusion from Figure 4a that the largest SNR of the emission intensities for daytime
O2(1Σ) are located around 83–99 km and the largest SNR are ovserved at the edges of the altitude range?

Response: Indeed, this result corresponds to a draft version of the manuscript in which, the emission intensities have been
shown for all of the measurement altitudes. Whereas in this version, only some of the measurement altitudes are shown for the
purpose of improving the visibility of the emission intensities inside the figure. Yes, it should be stated like this:

“Evaluating all altitudes, not shown here but indicated in Figure 4a, we observe the strongest signal of daytime O2(1Σ)
around 83–99 km.”
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6. Line 2 on page 10. "The largest SNRs at the lowest altitudes (Figure 4b),". Does the "lowest altitudes" means 54 km? If 54
km is the lowest altitude in the retrieval of O2(1∆) emission intensity in this paper? Is the intensity below 54 km not significant
or can it not be observed?

Response: In accordance with the answer to the previous question, not all of the measurement altitudes are included in
Figure 4. Yes, the 54 km is the lowest observable altitude in our measurements. We changed the manuscript as follows:

“The daytime O2(1∆) emission intensities are strongest at the lowest observable altitudes, i.e., 54 km (Figure 4b). The
strongest twilight O2(1∆) emissions are located in the 83–96 km altitude range (Figure 4d shows only a selection of alti-
tudes).”

7. Line 4 on page10. Similar to question 5, the intensity at 83 km is not given in Figure 4d
Response: See reply to point #6 and the updated text therein.

8. It would be better to add a simple introduction about Figure 5 before that about Figure 6, for example in line 7 on page
10.

Thanks for pointing this out. A short introduction about Figure 5 has been added before the introduction about Figure 6.
Change in manuscript: “Volume emission rate profiles for one sample satellite orbit (41455 on 03/02/2010) for daytime O2(1Σ)
and O2(1∆) are shown in Figure 5a and Figure 5b respectively. Examples of the volume emission rate latitude-altitude distri-
butions for the same orbit for daytime O2(1Σ) are shown in Figure 6a and for daytime O2(1∆) in Figure 6b.”

9. Line 10 on page 10. Figure 5b gives the altitude distributions above 50 km (may be 54 km). And some profiles have not
reached their maxima at the lowest altitude given in the figure. The altitude distributions of O2(1∆) dayglow observed by
the TIMED/SABER satellite often show its maximum around 50 km (usually lower than 50 km). The distribution of O2(1∆)
dayglow were given by Mlynczak et al. [2007,JGR, 112, D15306]. It is suggested to compare the altitude distributions of
O2(1∆) dayglow with that given by Mlynczak et al.

Response: An increase in the dayglow O2(1∆) VER profiles is observed with decreasing altitude, but no turning point or
maximum is observed.

We changed the manuscript as follows:
“The volume emission rate profile of dayglow O2(1∆) observed by TIMED/SABER, often has its maximum around 50 km

altitude, as shown for example in Figure 1 of Mlynczak et. al. (2007). Figure 5b shows that the SCIAMACHY MLT volume
emission rate profiles are largest at the bottom of the observed altitude range, around 54 km. These VER profiles sometimes
show secondary maxima in the range 80–90 km, which are at least one order of magnitude smaller than the largest SCIA-
MACHY VER. This secondary maximum occurs especially around equinox times.”

10. "around 80◦N latitude" is mentioned in both lines 1 and 3 on page 12. Are both the VERs significant at only this latitude
and not significant at other latitudes?

Response: There are only twilight measurements at these latitudes. The significance relates to the altitude range. Therefore,
since mentioning 80◦N latitude, and ’significant data’ is misleading, we removed these terms from this part of the text.

It should be noted that we make an improvement to the geometry of the retrieval and we get the smoother results with smaller
variations. This is true for all of our results and we make the figures once again. So we get less noise and therefore the signal
to noise ratio of the data is improved. As it can be seen, we have data with signal to noise ratio of greater than one in most of
the altitudes and latitudes.

Change in the manuscript: “To assess the signal to noise ratio for the daytime VERs, Figure 6e shows the daily mean O2(1Σ)
VERs signal to noise ratios. We observe the strongest signal of daytime O2(1Σ) in the 70–130 km altitude range. The strongest
signal of the twilight O2(1Σ) is observed between 84 km and 95 km (not shown here). Figure 6f shows that the stronger signal
of daytime O2(1∆) is observed below 105 km, with the strongest around 70 km. The largest signal of twilight O2(1∆) is
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observed in the altitude range of 83–97 km (not shown). ”

11. Lines 13–14 on page 14. "The altitudes of the peak values of O2(1Σ) roughly follows the maximum intensity of solar
radiance". This can not be seen clearly from Figure 8c. What is the meaning of the maximum intensity of solar radiance?

We refer to the light blue and yellow areas of the Figure 8c. We refer to the maximum intensity of solar radiance as the
latitudes and times in which solar zenith angles have their lowest values in.

Change in the manuscript: “The altitudes of the peak values of O2(1Σ) roughly follows the maximum intensity of solar radi-
ance, but shows highest values at low-to middle latitudes. We refer to the maximum intensity of solar radiance as the latitudes
and times in which solar zenith angles have their lowest values in.”

12. Lines 19–20 on page 14. The "maximal value" and "peak altitude" are derived from the profile between 85–100 km.
Therefore, when the second peak does not appear or the second peak is not obvious, the derived maximal value must be the
emission at 85 km and the peak altitude must be 85 km. In the situation, the peak altitude given here is not the altitude for a real
peak. This means the peak values and peak altitudes at some latitudes or some time shown in Figure 8 are not for real peaks
but for 85 km; however, they are for the real peaks when the second peaks are obvious. In fact, the lowest peak altitudes (85
km) occur not only in summer at high latitudes but also in the tropics in Figure 8d. It is better to solve this problem. At least,
it should be explained in the paper in case some readers could think that all the maximum values and peak altitudes given in
Figure 8 are for real second peaks.

Response: Indeed, with changing Figure 8b, 8d, and 8f such that only the regions where the secondary maxima of O2(1∆)
exist, we see that secondary maxima are confined to winter at mid-to high latitudes. That means they definitely do not follow
the position of the sun - i.e. the highest photolysis rates of O3. There are two possibilities for this - this is the region where
the secondary ozone maximum is strongest, also atomic oxygen densities might be strongest due to enhanced mixing with the
lower thermosphere.

Changes in the manuscript:
On page 14 line 11: “ For this, we derive the maximum values from the daily mean VERs for O2(1Σ) and between 85–

100 km altitude for O2(1∆), which are shown in Figures 8a and 8b respectively. Only those regions are shown in Figures 8b,
8d, and 8f where the secondary maxima of O2(1∆) exist.”

On page 14, line 19: “ The secondary maxima of the O2(1∆) VER are confined to winter at mid-to-high latitudes. ”
On page 15, line 4: “There are two possibilities for secondary maxima of O2(1∆). They happen in the region where the

secondary ozone maximum is strongest. Also, atomic oxygen densities might be strongest due to enhanced mixing with the
lower thermosphere. Detailed study of the processes which result in the formation of the secondary maxima of O2(1∆) is
beyond our work.”

On page 15, line 13: “In the regions where the secondary maxima of O2(1∆) happen, the peak altitudes occur in ∼84–89 km
altitude range. ”

On page 15, line 25: “The O2(1∆) secondary maximums occur in winter at high latitudes. The values of the O2(1∆) hCA

range between ∼88 km and ∼89 km altitude. ”
On page 20, line 2: “The time series of O2(1∆) VER is two orders of magnitude larger than O2(1Σ) VER at its maximal

values which are located below the observation altitude (<60 km), but it shows some secondary maxima with about one order
of magnitude smaller than the primary maxima at 84-89 km. This happens in winter at high latitudes.”

13. Equation (6). Please give the altitude range.
Response: It “ranges from ∼50 km to ∼150 km for O2(1Σ) and from ∼85 km to ∼100 km for O2(1∆).”
The above is added to the text.

14. Line 5 on Page 15. "hemispheric wintertimes" Please check if it should be "hemispheric summertimes".
Response: This is the case only for O2(1Σ) in Figure 8e, and is not the case for O2(1∆) in Figure 8f. It is removed from the

manuscript.
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15. Lines 2–3 on page 16. Please explain in brief why you suspect that these abrupt changes are related to a change in
the altitude sequence of the satellite measurements during that time.

Response: In our response we take into account the comments from both of the reviewers. The text now reads as follows:
“Figures 8c, 8d, and 8f, show a decrease in the altitude of the maximum O2(1Σ), altitude of the maximum O2(1∆), and

O2(1∆) hCA, respectively between November 2010 and February 2011. This is due to a change in the limb sequence so that
tangent altitudes were shifted, as seen for example at lower altitudes in these days. However, this doesn’t have any notable
effect on the VER time series in Figures 7a ,7b, 8a, and 8b. ”

16. Lines 12–13 on page 18. The larger intensities could begin earlier (than three weeks later) as shown by Gao et al. [2011,
JGR, 116, D19110]. You can compare the results with those given in that paper

Response: We observe larger intensities on the next measurement day of SCIAMACHY, i.e. 10 February 2009 which is
about three weeks later than the previous measurement day of SCIAMACHY, i.e. 22 January 2009. To be more specific the
following is inserted in the text:

Change in the manuscript: “Based on the temporal evolution of mesospheric temperature during the SSW event, Gao et al.
(2011) divided the response in the mesosphere into three stages: prior to day 15 is considered the normal stage; days 15–22
correspond to the cooling stage; days post 22 correspond to the recovery stage. According to this, they reported that the O2

nightglow brightness decreased by about a factor of 10 during the cooling stage and then increased by about a factor of 3
during the recovery stage relative to the normal stage. Figures 10a and 10b show the time series from 12/2008 to 04/2009
of the daytime O2(1Σ) and O2(1∆) daily mean VER, averaged from 60◦N to 70◦N. We observe that on the last day of the
cooling stage, i.e., 22 January 2009, the daily zonal mean O2(1Σ) and O2(1∆) VERs show a reduced maximum intensity in
the 82–87 km altitude range. We observe larger intensities on the next measurement day of SCIAMACHY about three weeks
later, i.e., on 10 February 2009. This is expected from a decrease of atomic oxygen due to horizontal mixing and upwelling
during the cooling stage, and then downward extension of the MLT region with large mixing ratio of O during the recovery
stage of the SSW (Gao et al., 2011).”

17. Line 13 on page 18. It is better to add a citation for the sentence "as expected from enhanced mixing with oxygen–rich
thermospheric air after the SSW".

Response: The manuscript is changed as follows:
“This is expected from downward extension of the MLT region with large mixing ratio of O during the recovery stage of the

SSW (Gao et al., 2011).”

18. Line 14 on page 18. It is mentioned that "After the recovery phase, the O2(1∆) signal is less prominent compared to
O2(1Σ)". It is better of you can indicate the time when the recovery phase ended. In addition, it seems that the O2(1∆) signal
is less prominent compared to O2(1Σ) after the recovery phase in Figure 10. However, the color bar in Figure 10a is different
from that in Figure 10b. The O2(1∆) emission after the recovery phase is evidently weaker than that during the recovery phase;
however it is still further stronger than the O2(1Σ) emission after the recovery phase. So is the SNR

Response: The manuscript is changed as “On the measurement day of SCIAMACHY after the recovery phase, i.e. 23 March
2009, the relative difference in the O2(1∆) signal is less prominent compared to the relative difference in O2(1Σ).”

19. Line 2 on page 19. Similar to question 18.
Response: The manuscript is changed to read as follows “although the relative difference in O2(1∆) band signal is less

prominent compared to the relative difference in O2(1Σ).”

20. Figure 5. Please revise the label in Figure 5.
Response: It is revised from “Volume emission rate (hν.cm−3.s−1)” to “Volume Emission Rate (photon.cm−3.s−1)”

21. Figure 6. Please explain in brief the blank regions in Figure 6 in the text
Response: The blank regions correspond to the regions with SNR less than 1.
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Change in the manuscript: “The blank regions represent areas with signal to noise ratios of less than one.” is added to page
10, lines 16–17.

22. Figure 7. Please revise the label (yy-Mmm) in Figure 7.
Response: It has been changed as suggested.

23. Figure 8. Please revise the labels (yy-Mmm and yy-mm-dd) in Figure 8. In addition, it is better to change the ranges
of the color bars to show some characteristics described in the text more clearly; especially for Figure 8d, it is better to
decrease the upper limit value of the color bar.

Response: It is done as suggested.

24. Labels in Figure 9. Add unit of "Altitude". It is better to use O2(1Σ) to replace O2(b) and use O2(1∆) to replace O2(a).
It is better to use (photons cm−3 s−1) to replace [photons cm−3 s−1].

It is applied in the Figure 9.
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