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The authors are very grateful to Bjorn-Martin Sinnhuber (Referee 1) for carefully reading the
manuscript and providing constructive comments which helped to improve the manuscript. This
document contains the authors response to the specific comments and technical corrections.

1)

P1L13: task is a funny word in this context

The authors agree and the sentence has been changed.

P1L13: “Ozone is a molecule which plays an important role in the earth atmosphere.”
2)

P1L15: not clear what the purpose of this statement is: there are also variations on shorter time
scales than diurnal and longer time scales than inter-annual

The authors agree that the purpose of this statement is not clear and that there also exist vari-
ations on shorter and longer time scales. We modified the statement in a way that we highlight
the variations which may be observed by microwave radiometers during a campaign of one year.
P1L15: “During a one-year measurement campaign with ground based microwave radiometers
ozone variations can be measured on a diurnal to semi-annual time scale, depending on the in-
strument capability.”

3)

P2L2: No, the other way round: photolysis becomes more important than recombination

Thank you! The change has been made.

P2L4: “With increasing altitude reaction R2 gets less efficient relative to R3 and more odd oxy-
gen is stored as atomic oxygen during daytime.

"

P2L7: this sentence is a bit flawed: the magnitude of the diurnal cycle does not depend on the
solar zenith angle. Do you mean variation of solar zenith angle?



The magnitude of the diurnal cycle of ozone over a year depends on the daily mean solar zenith
angle and the variation around this angle. The sentence has been adapted.

P2L8: “The magnitude of the diurnal cycle in the different altitude regimes over a year is deter-
mined by the season and the latitude with their corresponding daily mean value and variation
of the solar zenith angle and length of the day.”

5)

P3L1 (and throughout the document): “arctic — ”Arctic

The authors agree and the change has been made throughout the document.
6)

P3L15: “NDACC instrument” — “OZORAM which is part of the Network for the Detection of
Atmospheric Composition Change (NDACC)”

The change has been made.

P3L17: “The University of Bremen contributes with OZORAM (Ozone Radiometer for Atmo-
spheric Measurements) which is part of the Network for the Detection of Atmospheric Compo-
sition Change (NDACC).”

7)
P3L20: “dynamical events” is jargon: try to be more specific
We added the specific events which we want to study during the campaign.

P3L22: “The scientific focus of the campaign lies on the investigation of dynamical events such
as e.g. the dynamics of the polar vortex, sudden stratospheric warmings and planetary waves
as well as on the link between middle atmospheric ozone and water vapour chemistry and the
analysis of the temporal variability of those atmospheric constituents. The present study covers
the temporal variability of ozone.”

8)

P3L25: Not sure if a historic review of Ny-Alesund is justified here. However, I do think it is
relevant to provide information about the history of ground-based microwave and ozone sonde
observations at Ny-Alesund.

The authors see the necessity of providing information about the history of ground-based mi-
crowave and ozone sonde observations at Ny-Alesund.

P3L30: “At this station the University of Bremen has been operating ground based microwave
radiometers which measure atmospheric key parameters like water vapour (1998-2003), chlorine
monoxide (1993-2003) and carbon monoxide (since 2017). Ozone is measured with OZORAM



since 1993 and ozone sondes are launched on a weekly basis since 1991.”
9)

P3L33: “very good opacity” alone not meaningful. Better give threshold opacity needed or
signal-to-noise (or similar) as a function of opacity. More importantly, this is instrument spe-
cific. Would be good to briefly discuss how that affects the two microwave instruments at 110
and 142 GHz differently.

We added a brief discussion of the tropospheric opacity for the two frequencies and stated that
the measurement conditions for GROMOS-C (at 110.8 GHz) are ideal for an opacity < 0.5.

P4L4: “A low optical depth results in larger amplitudes of the line and reduces the integration
time. For microwave radiometry as described in this paper the average optical depth at the
GROMOS-C measurement frequency of 110.8 GHz was 0.7 in winter and increased to 1.2 in
summer. An opacity value lower than 0.5 is considered to be ideal for such observations (Fer-
nandez et al., 2016). OZORAM measures at 142.2 GHz which is at the wing of a water vapour
line. The variability of the opacity is given by changes in water vapour and thus the line at 142.2
GHz is affected more by the variations in tropospheric water vapour than the line at 110.8 GHz
(for details see Fernandez et al. (2015, Fig. 1)).”

10)

P4L26-31 and Fig.2: The discussion of different ozone observations in different viewing direc-
tions is very interesting but seems to be slightly out of place within the instrument description.
I would encourage the authors (but this is not essential to this paper) to expand the discussion
a bit on this point, e.g. by providing information on the difference between ozone in different
directions as a function of time.

We decided to keep this discussion within the instruments section. We highlight the link between
the variability of ozone in the stratosphere and the location of the polar vortex edge and that
changes in ozone VMR across the vortex edge can be seen in the GROMOS-C measurements.
We would however not like to expand any further in this context.

P5L3:“In the stratosphere the variability of ozone can be affected by the location of the polar
vortex because the ozone VMR changes dramatically across the vortex edge. This implies that
the location of the vortex edge needs to be taken into account when short term ozone fluctuation
like the diurnal cycle are investigated. The ozone change across the vortex edge was measured
by GROMOS-C during a vortex split in the beginning of November 2016.”

11)

P5L21: do you mean 1.2° latitude and 6° longitude 7?7

Yes we do. The correction has been made.

P5L30: “For the intercomparison with the instruments located at Ny-Alesund MLS data are

taken if the location of the measurement is within 1.2 latitude and 6 longitude from Ny-
Alesund.”



12)

P6L16: “strength of 10%” not immediately clear: Either provide more information or just state
that nudging is done up to 50 km and then linearly decreasing in strength with no nudging above
60 km.

We agree and the change has been made.

P6L23 : “The nudging is performed up to 50 km and then it linearly decreases in strength with
no nudging above 60 km.”

13)
P6L22: again, opacity threshold may be useful
A measurement is discarded if the opacity > 1.6 which corresponds to a transmission < 0.2.

P6L30: “In summer the data gaps are due to very high opacity values (7 > 1.6) and strong
precipitation which caused the retrieval process to fail.”

14)
P6L24: whether or not ozone decreases across the vortex edge depends on altitude!
The sentence has been specified.

P7L1: “Ozone volume mixing ratios decrease sharply when the vortex passes over Ny-Alesund
at a given altitude in the stratosphere. This can be seen in Fig. 2.”

15)

P7L32: Can you give more information how the tropospheric correction is done for GROMOS-C:
Even if the retrieval starts at the tropopause, tropospheric opacity has to be taken into account
somehow.

Applying a tropospheric correction in the case of GROMOS-C means that we calculate the
brightness temperature which would be measured at the tropopause level (T (2¢r0p)). Therefore
we consider the troposphere as one layer with an effective temperature T3, and for that the
simplified radiative transfer equation is

Tb(zO) = Tb(ztrop)e_T + Ttrop(l - 6_7—)7 (1)

where Ty (2o) is the brightness temperature measured at ground, Tp(24r0p) is the brightness tem-
perature at the tropopause level and 7 is the opacity of the troposphere. If we rearrange the
equation we get

Ty(20) — Terop(l —e™7)

Tb(Ztrop) = =T

(2)



The effective temperature of the troposphere is calculated from the ground temperature T, ouq
according to Ingold et al. (1998)

Ttrop = Lground + ATa (3)

where for Ny-Alesund at 110 GHz we take AT = —11K. The tropospheric opacity is calculated
from the wings of the measured spectrum using equation 2. At the wing we can neglect the ozone
emission and T3 (2¢rep) corresponds to the temperature of the cosmic microwave background Tp,.

Therefore T T, (o0)
7 = —log [ Liror = Th(z0) “0). s
& < Ttrop - Tbg ( )

As we refer to Fernandez et al. (2015) we think it is not necessary to repeat how the tropospheric
correction is done. If you consider it as important we will include the explanation in the paper.

16)

P8L1: What does scaling of a standard Os profile mean?? What is scaled? I dont think Os is
scaled.

We agree that this is not correct. Not the Os profile is scaled, but the absorption coefficients
obtained from a standard Oy and HyO profile calculated by the MPM93 model (Liebe et al.,
1993). The manuscript has been adapted accordingly.

P8L12: “In order to do this, the absorption is calculated from standard HoO and O, profiles
using the MPM93 model (Liebe et al., 1993) and scaled along with the O3 profile. For details
refer to Palm et al. (2010).”

17)

P8L11: this statement is likely true only for this particular year. In other winters strong varia-
tions in mid-winter may be possible.

This is certainly true. The statement was adapted.

P8L21: “During this winter ozone encounters strong fluctuations due to the dynamics of the
polar vortex.”

18)

P8L21-23: why is the annual change in geopotential height relevant at this point?
We agree that this sentence can be deleted.

19)

P10L28: You may want to compare this to Sinnhuber et al., J. Atmos. Chem., 34, 281- 290,
1999, their Fig. 7, for stratospheric ozone change as a function of solar zenith angle.

Thank you for pointing us at this publication. We included a comparison to their Fig. 7.



P11L5: “Sinnhuber et al. (1999) used a photochemical box-model and found that for February
and March the net chemical production rate is positive for solar zenith angles smaller than 80°.
We analysed the net chemical production rate from SD-WACCM according to Sinnhuber et al.
(1999) for the fixed location of Ny-Alesund and found the ozone production rate to be positive
for solar zenith angles smaller than 65-75° depending on the season (Fig. 15).”

20)
P11L9: what is a “super diurnal cycle”?

We consider the variation from summer to winter time ozone VMR, at the altitude of the ter-
tiary ozone layer as a “super diurnal cycle” where a year is like a day. The sentence has been
reformulated.

P11L20: “At Ny-Alesund the enhanced ozone VMR in the middle mesosphere lasts for the whole
winter whereas ozone is depleted during summer. This can be considered as a kind of a “super
diurnal cycle” where a day lasts one year. The maximum VMR is seen in winter and the mini-
mum in summer (see Fig. 8 at 0.1 hPa).”

21)
P11L23: 1 believe it has to be GOMOS measurements, not GOME measurements!
Yes this is true. Thank you!

P12L1: “The results of Sofieva et al. (2009) from GOMOS measurements confirmed the peak
VMR of 2-4 ppm and in simulations by WACCM the peak VMR was only overestimated by 50%.”

22)

P121L12-21: T dont fully understand your arguments for possible differences between GROMOS-
C and SD-WACCM: Any averaging kernel related effects are already taken into account when
comparing with the convolved profiles, I believe?

Yes, this is true. However we do not know if the simulation of the secondary ozone layer in
SD-WACCM is correct. For example Tweedy et al. (2013) suggest that the ozone VMR at the
secondary ozone layer is twice as large as simulated by SD-WACCM. Therefore the influence of
the 2nd ozone layer to the measured 3rd ozone maximum could explain the difference between
the measurement and the convolved simulation. We agree that this was not formulated clear
enough and we adapted the paragraph. Further we added the case for an ideal profile with a
doubled secondary ozone layer to Fig. 17.

P12L30: “In case of a true profile with a doubled secondary ozone layer the peak VMR of the
tertiary maximum was enhanced by 15 %. If SD-WACCM substantially underestimates the VMR
of the secondary ozone layer as it is suggested by Tweedy et al. (2013) this could explain the
difference between the measurement and the convolved simulation.”
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