
Thanks to both reviewers for taking time to assess the paper and give some valueable feedback.
Below are the original comments from the reviewers, with a response from the authors in green text 
and what has been changed in the article in response to the comment shown in red.

Comment: Line 18 – The references given here are fine, but generally this sentence would mention 
balloon borne measurements.  They are mentioned later, but only for the lower stratosphere (FPH 
balloons).  The next paragraph starts out with “Most obviously, radiosonde balloons measure in the 
troposphere”.  Perhaps the authors are specifically referring to remote measurements here, but they 
do not say this.  A general reorganization of these introductory paragraphs would be helpful.

Response: Agreed that this section had some repetition and was not very readable. It has now been 
restructured as below

Change: There are various methods for measuring water vapour in the atmosphere. In the 
troposphere, routine observations are often made using radiosondes like the RS-41 \
citep{Vaisala2022}. In the lower stratosphere, semi-routine measurements can be taken using in-
situ balloon-borne devices \
citep{hurst2011stratospheric,Graf_2021_ALBATROSS,Brunamonti_2023_ALBATROSS}, 
although continuous monitoring in this region typically depends on remote sensing technologies \
citep{Sica_2016_RALMO_water_vapor}. In contrast, measuring water vapour in the upper 
stratosphere and mesosphere is more challenging due to the remoteness, extreme conditions, and the
relatively low mass of water vapour in these layers. Due to these difficulties, microwave radiometry
has become a common method for ground-based and satellite-borne instruments in these upper 
atmospheric regions \citep{Haefele_2008_water_vapor,Straub_2012_water_vapour_tracer, 
Schranz_2019}.

The Microwave Limb Sounder aboard the Aura satellite, launched in 2004, remains a key source of 
global water vapor data for the middle atmosphere \citep{waters2006earth}. However, the aging of 
this and other long-operating instruments has led to measurement drifts, making it difficult to 
distinguish between real atmospheric changes and artifacts from the instruments themselves \
citep{livesey2021investigation}.

Line 39 – This statement is too strong.  Even with just 2 measurements per day (one during the day 
and one at night), MLS is able to provide some information regarding diurnal variations.

 Change: and there is limited possibility of capturing diurnal variations due to the spacing in local 
time between the two MLS overpasses

Line 53 – This sentence regarding pressure broadening is very awkward. The point is that the effect 
of pressure broadening is to increase the spectral width of the emission with increasing pressure.

 Change: The effect of pressure broadening \citep{liebe1985updated} effectively increases the 
spectral width of emission with increasing atmospheric pressure. This allows the recorded spectral 
radiances can be inverted to retrieve vertical profiles of water vapour.

Line 69 – What is being described here is a Dicke switching scheme.  The use of the word 
“calibration” here is very confusing.  

Response: Agreed that when this is first explained that the quantity being explained (line view 
minus reference view) is indeed the same as Dicke switching. The paragraph has been re-written 
and the balancing calibration term introduced when the relation of the above quantity to hot and 
cold views are explained.



Change: In order to optimise the noise and linearity of the spectra, most middle atmosphere water 
vapour radiometers use a scheme where the antenna view rapidly switches in quick succession 
between the sky (line view) and a reference (reference view) \citep{forkman200322}.

The phrase “calibrated spectra” is used repeatedly.  In almost all cases, replacing this phrase with 
simply “spectra” would reduce confusion.

Change: Deleted where not applicable

Line 180 – “This improvement stems from the 14-bit analog-to-digital converter (ADC), a notable 
step up from the AC240’s 8-bit ADC, as well as advancements in digital signal processing that 
reduce numerical errors.” – No evidence is presented that any of the difference shown are caused by
the 8-bit nature of the ADC. 

Response: Agreed that no evidence is presented to show that this is the cause of the improvement. 
However, it would make sense that a higher-resolution ADC reduces quantisation error, which  
means that the digital output more accurately reflects the analogue input across the entire range. The
better precision could also reduce rounding errors when compared to the lower precision 
spectrometer.

Change: This improvement could stem from the 14-bit analog-to-digital converter (ADC)
Comment: Line 222 – With regards to problems with the central channels on the AC240 a reference 
to Gomez et al. 2012 (RS1010, doi:10.1029/2011RS004778) would be appropriate here.

Change: As suggested

Comment: Line 223- “This was potentially due to the relatively large noise levels in these 
calibrations due to the short integration times of several hours, compared to the operational 
integration time of one day.”  Perhaps I am wrong, however I think that this has nothing to do with 
the integration times, but with the fact that on the scale shown on Figure 3 one cannot detect ~5-
10% differences in the ozone line.

Response: I would say actually that both are true - in this figure it would not be possible to see the 
5-10% difference, but when the difference between the spectrometers is plotted, the noise (related to
the integration time) means that this difference is also not visible.

Figure 5 – Since these 2 panels are being compared, please use the same ranges and ticks for the x-
axes.

Change: Figure remade as suggested

To what extent is the difference in the high-altitude sensitivity in this figure is caused by the fact 
that the central 2 channels in the AC-240 are not being used?  Or have I misunderstood something 
here?

Response: Yes, the fact that the central two channels are not used, and the fact that the USRP 
frequency resolution is five times that of the AC-240, essentially meaning that there are ten 
measurements of the line centre in the USRP that the AC-240 does not have. 

The bump in the AVK’s near 0.01 hPa in Figure 5 is very strange.  It shows up in the AC-240 plot as



well, albeit not as clearly because retrievals from that spectrometer are not very sensitive near that 
pressure.  Is there perhaps a change in the thickness of the retrieved layers at this level?  Absent 
this, or some other a physically plausible explanation, it is difficult to believe that this is not 
indicative of an error in the retrieval code.

This is due to the shape of the a priori errors which are specified in the retrieval. On Figure 3, you 
can see that around 0.1hPa, the is a large oscillation in the standard deviation in MLS measurements
at this height. The errors prescribed to the algorithm were trialed using only the smoothed (green) 
curve initially, and this led to even larger oscillations in the averaging kernels.

Figure 9 – A single contour plot here would probably be sufficient.  The pattern is the same for both
spectra. 

Change: Deleted first plot as suggested

Figures 10 – Given that the only difference in these two comparisons is a scaling of the bias, it is 
very surprising that there is a difference in the scaled and unscaled STD at this level in this Figure.
Presumably this occurs because there are differences in the profiles or spectra being used in the 
comparison.  If this is the case please state this.   If this is not the case then please provide another 
explanation.

Response: The figures show statistics of retrievals made after scaling the spectra with the 4.6% 
correction factor. As can be seen on figure 8, in which scaled and non-scaled retrievals are 
compared to USRP retrievals, the effect of the scaling does not simply shift the distribution of 
retrieved water vapour, although in this figure, the standard deviation of errors do not seem to 
change by much.

Comment: Line 336 – The mesospheric H2O observed in these measurements is unrelated to the 
direct injection into the mesosphere noted in Proud et al. (2022).  I recommend a reference to 
Nedoluha et al. (2024)  https://doi.org/10.1029/2024JD040907

Change: As suggested
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