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Ceilometer aerosol profiling vs. Raman lidar in the frame of INTERACT campaign
of ACTRIS

by

F. Madonna, F. Amato, J. Vande Hey, and G. Pappalardo

The paper describes the outcome of the campaign INTERACT when three ceilo-
meters from different manufacturers (Jenoptik, Campbell, Vaisala) run co-located
and simultaneously with a calibrated high-performance Raman lidar MUSA. The
comparisons covered 6 months, so a valuable set of data was gained to in-
vestigate the performance of ceilometers for aerosol profiling. This topic is of
growing importance as recently a large number of ceilometers was installed, and
are increasingly used for atmospheric research. Madonna and co-authors focus
on investigations of the stability of the ceilometers, their overlap characteristics
and their performance to measure aerosol properties under different atmospheric
conditions.

The paper fits into the special issue as an EARLINET-lidar is used as reference
for their assessment. However, the manuscript is in many parts not as precise as
it should be and the reasoning is often neither clear nor convincing. Some parts
are confusing. Thus, before being accepted for publications the authors must
significantly improve the text. Furthermore most of the figures must be revised
as the labels and the legends are far too small to be readable!

I encourage the authors to revise their manuscript as it could be a useful contri-
bution to a recent branch of remote sensing applications.

Please find a list of comments – ordered by appearance, not by relevance – below
(page/line is given). Note, that several comments are linked as the corresponding
issue is covered at different sections/paragraphs of the manuscript.

• 12409/12: The information on the price in the present form is not very
helpful. Either give a concrete list of prices, give the overall price range or
explain the details for the 45 kEuro-class.

• 12409/25: The list of references can be extended.

• 12410/1: Give a citation of the recent EARLINET overview paper here
(and an equivalent older paper, if it includes some relevant aspects).

• 12410/24: “aerosol content“: what is this? Mass concentration, number
density, optical depth - please be precise (throughout the paper).

• 12411/17: “and the idiosyncrasies...“: this is never covered in the manus-
cript. Thus, it can be omitted here.

Madonna
Evidenziato
The authors of the manuscript "Ceilometer aerosol profiling vs. Raman lidar in the frame of INTERACT campaign of ACTRIS"by F. Madonna et al. would like to thank the anonymous reviewer #1 for his/her detailed review and the effort to improve the quality of the text and of the content of the manuscript in general. According to the order of the input provided by the reviewer, below you will find the authors' reply in form of Adobe comments.

Madonna
Evidenziato
The list of references could be obviously extented but it is also true that the list will be never omni-comprehensive. Since here the purpose is to provide a few examples, the authors left the list as it is.

Madonna
Evidenziato
In the new version of the manuscript, now the text has been rephrased as: "Ceilometers are inexpensive instruments whose cost is typically in the 12000-20000 Euro range, except for those models based on solid state diode-pumped laser emitting at 1064 nm having a cost closer to 45000 euros. ".

Madonna
Evidenziato
The authors replaced the word "aerosol content" with "aerosol properties" throughout the paper

Madonna
Evidenziato
This has been omitted in the new version of the manuscript.

Madonna
Evidenziato
Pappalardo et al., 2014, part of the same AMT special issue, has been added to the text.



• 12411/23: Please add one or two sentences on the site, e.g., orography
and aerosol burden (e.g. aerosol optical depth).

• 12411/25: Sometimes “VAISALA“ and sometimes “Vaisala“: This is an
indication of carelessness (’Vaisala’ is adequate).

• 12413/12: “Moreover, ceilometers hardware can be assessed...“. It is not
clear to me why this is a drawback as stated at the beginning of the
paragraph. Maybe these sentences require some rephrasing.

• 12413/25: Comments on Table 1 are missing. What is the most import-
ant information? What shall we learn from the comparison? What can
we anticipate in view of the performance assessment provided later in the
manuscript?

• 12413/27-12414/24: When discussing the different ceilometers the same
characteristics should be mentioned: overlap is not given for the Vaisala,
detectability of clouds in the partial-overlap regime is not discussed for
Jenoptik. Please give temporal and spatial resolutions for all ceilometers.

• 12414/2: To my knowledge the paper of Wiegner and Geiß deals with
the CHM15k-x ceilometer (see also comment below). Is this true for the
ceilometer used in this study? Maybe this sentence should be omitted, the
citation of Wiegner at al. should be deleted here anyway, as it is mentioned
in 12416/24.

• 12414/27: The full overlap of MUSA (405 m) does not agree with the
number given in Table 1.

• 12415/8: Citation of a paper “in preparation“ is the second best option.
If it is not available when this manuscript will be published, please add an
older paper as citation (if available) as ’backup’.

• 12415/10: When “attenuated backscatter“ is mentioned first (and as it
is the most relevant quantity discussed in the manuscript) it should be
defined by an equation! It should be made clear that it requires calibration
as it is the ratio of the range corrected signal and the lidar constant (i.e.,
move Eq. 3).

• 12415/11: It should be clarified what type of CHM15k is used: the “old“
or the “Nimbus“ version. This is essential because the Nimbus version au-
tomatically provides an overlap correction, and the automated adjustment
of the sensitivity is quite different.

• 12415/17: The reader might be confused when a “normalization constant“
is introduced here. How is it related to the lidar constant CL and the
constant CC mentioned later (see also similar comments below)?
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Madonna
Evidenziato
The site is largely described in Madonna et al., 2011 mentioned in the same paragraph so the authors think that any further sentence about the site here is redundant

Madonna
Evidenziato
'Vaisala' has been used throughout the paper.

Madonna
Evidenziato
The sentence has been rephrased like follows: "Moreover, users have a limited access to the ceilometers’ hardware for testing and for maintenance purposes while auto-adjustments of the hardware settings performed by the manufacturers’ software is with little or no control by the user.".

Madonna
Evidenziato
The Table 1 has the main purpose to describe the systems considered in the INTERACT campaign and to show differences in the lasers, wavelenghts and optical setup of these systems. The authors think that these information are pretty clear from a quicklook of the table. Later on in the text several recall to the info provided in the table are used. So the table is a mean to facilitate the introduction of the discussion provided afterwards in the text, but not a tool to already come up with some conclusions.

Madonna
Evidenziato
This mistake has been fixed.

Madonna
Evidenziato
For the Vaisala ceilometer, in the table 1 and in the corresponding caption, it is clearly explained that due to the fact that its laser divergence is smaller than its FOV, the CT25k never reaches 100% overlap.  By the convolution calculation method described in Vande Hey et al (2011), the instrument’s optical overlap was calculated for this study from specifications in the CT25k user manual to be: 45% at 100 m, 78% at 300m, 85% at 500m, and reaching maximum of 90% at approximately 1000 m, though unspecified internal corrections which determine the instrument’s effective overlap could not be factored into this analysis. Markowicz et al (2008) reported observing overlap effects of the CT25k directly from its signal to up to 450-550 m.About detectability of clouds in the partial-overlap regime, this could be discussed but the topic looks well beyond the scope of the manuscript dealing mainly with the aerosol observations.

Madonna
Evidenziato
The sentence is generally related to the retrieval of aerosol backscatter coefficient, and therefore it does not looks in conflict with the text of the manuscript.

Madonna
Evidenziato
A backup citation is not needed since the SCC is also generally described in Pappalardo et al. 2014, mentioned at the same line.

Madonna
Evidenziato
The authors added a specification in brackets "(see Eq. 3 later in the text) " to avoid to alter the current structure of the text. This remainder is in a section where all the details about the attenuated backscatter are provided

Madonna
Evidenziato
The version considered in the manuscript is not the Nimbus, and since this was not specified in the manuscript, the authors hope that this difference is already clear.

Madonna
Evidenziato
The authors decided to address this comment just once later on in this document.



• 12416/4: The O’Connor et al. method is based on the fact, that the in-
tegration of the attenuated backscatter over a cloud must give a known
value. If not, CL must be re-scaled. So, by applying this method, the range
corrected signal (calibrated or uncalibrated) is required as input. Thus, it
must be made clear in the text that “the so-called normalized sensitivity
backscatter coefficient“ is proportional to P z2 (if this is the case).

• 12416/5: “...therefore, attenuated backscatter profiles can only be ob-
tained using the cloud calibration technique...“ (see also 12417/20 and
12420/23). According to Eq. 1. this method can easily be applied to any
ceilometer, as one only needs a signal-ratio at ideally one (realistically at
range of a few range bins) height for calibration. Why isn’t this method
used for the CT25k? It would be much easier, maybe more precise, better
comparable with the other ’ceilometer vs. MUSA’-comparisons, and the
paper would be homogenized.

• 12416/7 ff: This paragraph includes a discussion. Maybe the authors should
restrict themselves here to pure facts; the discussion (and a list of future
demands for the manufacturers is coming later).

• 12416/20: “a fixed lidar ratio“; this is indeed necessary for daytime opera-
tion as long as Raman scattering cannot be used. But: in the manuscript
the authors also use a constant lidar ratio (12415/21) though only night
time data are used. If I misunderstood this, please emphasize the use of
the actual lidar ratio whenever it was used. What are the consequences for
the accuracy of the MUSA-calibration?

• The factor 0.0015 should be explained a little bit: is this a very hard requi-
rement or do 90% of all measurements pass this requirement? Is it clear,
that “problems with the sudden change of the calibration factor“ are ex-
cluded by the 0.0015-criterion? What is meant with the “sudden change of
the calibration factor automatically ...“? This sounds as if the ceilometer
is self-calibrating? Isn’t it the sensitivity that is automatically changed?

• 12416/24: “The use of relative calibration...“. This is true, but it is not
stated whether or not it was applied in this study! It is different for the
CHM15k and the CHM15k-x (the latter is covered by the Wiegner and
Geiß-paper) and is not required for the Nimbus version (see comments
above).

• 12417/7: “discrepancies with respect to advanced or elastic...“ What is an
“advanced lidar profile“? Raman? Then, discrepancies are inherent as a
ceilometer does not provide this. Why is “calibration ... often mandatory“?
Why only “often“?
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Madonna
Evidenziato
This clarification has been added to the text in brackets.

Madonna
Evidenziato
The reviewer's comment is on target from a theoretical point of view, unfortunately the normalization of the CT25k signals on the MUSA signals is a challenging task for two main reasons:1. As discussed in the previous comments, due to the fact that its laser divergence is smaller than its FOV, the CT25k never reaches 100% overlap.  By the convolution calculation method described in Vande Hey et al (2011), the instrument’s optical overlap was calculated for this study from specifications in the CT25k user manual to be: 45% at 100 m, 78% at 300m, 85% at 500m, and reaching maximum of 90% at approximately 1000 m, though unspecified internal corrections which determine the instrument’s effective overlap could not be factored into this analysis. 2. Moreover, according to our comparison (also those considered in the the current analysis) above 1500-2000 m the CT25K signals quickly drops down and looks not fully reliable, and this is particularly true for the aerosol observations (i.e. very low SNR).Both these reasons make the use of the normalization method applied to the CHM15k and the CS135s signals challenging for the CT25K. Whether it is challenging to use at height levels below 1000 m because of the overlap problems, above 1000 m the CT25K signals are often not fully reliable, probably because of a problem in the dynamic range of the system. Therefore, the authors strongly prefer to use another method for the calibration of the CT25K profiles.From one side, this choice affect the homogeneity of the analysis, but from the other side it ensures the use of robust methods for the calibration of each ceilometer profiles, suitable for the different setup of the ceilometers considered in the intercomparison.

Madonna
Evidenziato
This is mentioned for completeness but this is not applied to this study. The authors have simply relied on the data selection using the above mentioned quality threshold on the raw signals.Anyhow the authors has clarified in the text that this technique is no applied in the presented analysis.

Madonna
Evidenziato
It is clear that the use of a "blackbox" hardware or software is a big limit for the improvement of our scientific knowledge using ceilometer data. Therefore, the comments provided in this paragraph are reported as a form of encouragement to the manufacturer to have a more open commercial policy. A few manufacturers have already adopted a more "open" strategy creating an unvaluable osmosis of information and experiences between science and industry.This kind of comments might be useful also out of the section dedicated to the discussion; this allow the reader to follow step-by-step the manuscript up to the final discussion on the outcome of the presented study.

Madonna
Evidenziato
Since in the manuscript the authors are investigating only the 1064 nm measurements, at this wavelenght the Raman scattering is not collected since the resulting SNR would be too low for the retrieval of the aerosol optical properties.Therefore, the use of a fixed lidar ratio is mandatory. The lidar ratio used in the manuscript is the value obtained from the historical dataset retrieved at 532 nm using the combined Raman-elastic method in night time conditions since 2006, scaled for the wavelength dependence.The use of a so called "3+2" analysis based on the retrieval of three aerosol backscattering coefficients and two aerosol extinction coefficients finally allows to ensure the quality of the calibration and the data processing of lidar profiles also at 1064 nm. However the use of lidar ratio within the range 40 - 80 sr may have an impact on the retrieved profiles using the Klett method within +/-10 %. Plots about this values can be provided by the authors themselves or but in several talks also available on the EARLINET website.

Madonna
Evidenziato
The change of the ceilometer's internal gain is actually performed automatically according to the daylight radiation. At night further changes can be easily identified and likely performed to remove any hysteresis in the hardware. The most known change in the internal gain, affecting most of the Jenoptik ceilometers before CHM15kx, is the change that happens every night at 1:00 UT (see Binietoglou et al., 2011 SPIE for more info and examples).So the mentioned factor 0.0015 is the only criteria that avoids any mixing of profiles with different calibration factors. The quicklooks of the investigated time series have been also inspected visually, before the processing, to avoid to miss any sudden change in the instrument gain.

Madonna
Evidenziato
Advanced lidars are those able to provide measurements enabling the "3+2" analysis (3 aerosol backscattering coefficient + 2 aerosol extinction coefficient), discussed in several EARLINET/ACTRIS papers. See also Wiegner et al., 2014, this issue.



• 12417/14: “several parameters“. Please make suggestions! What about a
parameter, that monitors the high voltage of the APD of the CHM15k-x:
is this relevant/available for the CHM15k during INTERACT?

• 12417/17: “...full access to the instrument information“. What is “full“?
In the sense of “all parameters“, which leads me back to the previous
comment.

• 12417/20: See above. Why do the authors apply a different calibration
procedure for the CT25k?

• 12417/Eq. 1: I dont understand this. From the lidar equation:

P = CL z−2 β T 2

we get

CC =
Pceiloz

2

β′
musa

=
Pceiloz

2

Pmusaz2
CL,musa =

(
Pceilo

Pmusa

)
CL,musa = CL,ceilo

So, as CL,musa is known (Klett inversion with Rayleigh-calibration), CL,ceilo

can be determined directly from the ratio of the signals at any range. This
would be consistent with the general lidar equation. The ratio of the signals
is a normalization factor and may be called CC (or better, CC), but the
expression as it is defined in Eq. 1 is a lidar constant! Anyway: the accuracy
of the determination of CL,ceilo depends on the accuracy of the calibration
of MUSA. This should be emphasized and discussed.

• 12418: Fig. 1 is never mentioned in the text.

• 12418/8 (Fig. 2): The x-axis should be the date and not “number of case“.
First, to see the real temporal trend, and second to make a “case“ of one
inter-comparison distinguishable from a “case“ from another ceilometer
inter-comparison. By the way: why are the cases different for the different
ceilometers: I only found the 0.0015 criterion; maybe a somewhat more
detailed explanation should be added here (see also 12427/6). Are the
CT25k-“cases“ cloudy situations, while the other cases concern cloudfree
conditions?

• 12418/Eq. 2: A z2 is missing in the numerator. Then, it is consistent with
the lidar equation (see above). Please explain what is the difference to CC
in view of the previous comment.

• 12418/14: I think it is better to call T the transmissivity and not T 2.
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Madonna
Evidenziato
Please see the comments above.

Madonna
Evidenziato
Now the picture is mentioned

Madonna
Evidenziato
The list of the parameters should include the laser energy, its stability, the output laser profile, the alignment, the voltages of the detectors, the raw signals, to study the noise and the distorsions affecting the signals, the dark currents, .....The access to the raw signal may partly solve this issue. For the CHM15k, the authors believe this is the best instrument available on the market from the point of view of the commercial policy and from the point of view of the access to the system and to the monitoring of its main parameters.

Madonna
Evidenziato
See the previous comment.

Madonna
Evidenziato
The equation has been changed according to the reviewer's comment.

Madonna
Evidenziato
This is discussed, also by means of the plot in Figure 2, at 12418 lines 15-21.

Madonna
Evidenziato
Figure have been edited using the dates.

Madonna
Evidenziato
No, the "cloud calibration" is performed in very specific conditions. The calibration constant is retrieved in specific meteological condition (fully attenuating stratocumulus clouds). Then, the retrieved calibration constant is used also in clear sky conditions (see O'Connor et al., 2004 for more information).

Madonna
Evidenziato
The considered criteria are related also to the night time conditions, the time and vertical averaging, all of them are described in the manuscript. Anyhow, the sentence has been removed in order to clarify.

Madonna
Evidenziato
The author thank the reviewer for catching this mistake.

Madonna
Evidenziato
Ok modified.



• 12418/17: “... the variability of CL is 15%“. This should agree with the
magenta dots in Fig. 2. However, they vary between 1 and 6 with a mean
of 2 or 3. Where is the 15% coming from, at least it is not obvious from
the figure? In contrast the blue dots seem much “more constant“ though it
is stated that the variability is 58%. This is also confusing! Are the curves
mixed up?

If CL is meant to be CL,musa then this should be clearly stated. And explain
why CL,musa varies over almost one order of magnitude (similar comments
follow).

• 12418/18: “... was moved for an ...“: Does that mean that MUSA was not
available for the complete INTERACT-campaign? This should be specified
for the sake of completeness.

• 12418/24: Where is the “internal“ temperature of the ceilometer mea-
sured? At the laser, at the housing, or elsewhere? If unknown, ask the
manufacturer. A clarification would help to follow the discussion of the
correlations.

• 12419/2: “and the ceilometer temperature sensor within...“: please add
“external“ to make clear which of the three “ceilometer temperatures“ is
meant. Otherwise this is not a surprise: it should be possible to measure
temperature with an accuracy of 1K.

• 12419/3 ff: It is stated that the “...behavior of the internal temperature
of the ceilometer looks quite well correlated with CC“. What is a ’beha-
vior’? What is ’looks quite well’? If a correlation coefficient is given for
the ambient temperature (0.6), it should be possible to calculate it for the
internal temperature as well, and to omit such vague expressions. So: What
is the correlation between the internal temperature and CC? How large are
the correlations between these temperature and CL,musa? They seem to
be similar, that leads me to the question on the quality of MUSA. I don’t
expect a high end instrument as MUSA to be so temperature sensitive.

Furthermore, I have some fundamental problems with this paragraph: I
would expect that the temperature of the detector has the by far largest
influence on the signals. This temperature is however more or less stable.
Why should the internal or external temperature influence CC? When the
authors consider this as a realistic reason for the trends of CC, it would
be necessary to write about those instrumental features that might be
responsible for this effect (maybe ask the manufacturer). Could it be that
the laser diode or the optical alignment is so sensitive to the ambient
temperature (seems implausible)? If the ceilometer is indeed so sensitive
to ’normal’ temperature changes (during INTERACT it changed less than
20◦C!) then the potential to extract quantitative aerosol profiles (βp) seems
to be quite limited (and makes it more or less useless for this purpose).
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Madonna
Evidenziato
Done.

Madonna
Evidenziato
The "internal temperature" is the one measured within the ceilometer's housing.

Madonna
Evidenziato
The authors thank the reviewer for catching this mistake. The two curves have been mixed up. This is fixed in the new version of the manuscript.

Madonna
Evidenziato
See previous comments

Madonna
Evidenziato
"External" has been added while the fact that the sentence in the section "3.1 CHM15k stability" should be enough to say that the sensor belongs to the CHM15k internal stuff.

Madonna
Evidenziato
The authors share the opinion of the reviewer #1 though this request is conflict with the commercial policies of the manufacturers. As scientists the authors have the duty to report any possible effects affecting the ceilometer measurements in literature and then to open a discussion with the manufacturers. But nobody can make all of us sure that they will listen to us or, better, that they will work "with us".Anyhow this is step to pursue after that a study is carried out and published in the peer-reviewed literature.

Madonna
Evidenziato
This is true, but the reviewer should remember that for the CHM15 the APD detector is also cooled and this definitely increases its stability and decreases the chances that the temperature of the detector could influence the signals.

Madonna
Evidenziato
This is the reason why the authors felt useful to include this discussion in the manuscript, because it could be highly relevant, though there are new ceilometers models available now on the market. Anyhow this study could open the way to new studies.

Madonna
Evidenziato
To the authors' opinion, a sentence including numbers and referring to specific plots is never vague. The internal temperature has a correlation coefficient of 0.53. The correlation with the detector temperature is 0.5. Regarding MUSA, given that the correlation between the temperature and CLmusa is obviously included in the variability of the CHM15k, after a finer analysis also done manually, the authors realized of a few innaccuracies in the Rayleigh lidar calibration. After the re-processing of the data with the use of the real ambient temperature instead of the default one (T=20°C), the variability of the CLmusa is reduced to about 10.5 % and the correlation with the ambient temperature is lower than 0.5.A variability of 10.5% over the investigated period might be due to several reasons, like the reduction of laser energy, reduction of the optical efficiency of the lidar system, small misaligment also due to thermal drifts, but it can be definitely considered acceptable even for an high end instrument like MUSA.The variability of the CHM15k signals, re-calculated using the new lidar calibration data, shows a definitely higher variability than MUSA, still larger than 50 % and with the same decrease in fall-winter time approximatively. 



• 12419/14: It is not very clear what the message of the personal communi-
cation with Wiegner is: it seem that a user should replace broken parts in
due time, in particular as it can be expected that they do not work forever.
In such a case it is recommended that the manufacturer provides sort of
an early warning message.

• 12419/20: Are there any information available from the manufacturer what
the parameter “state of the laser“ means (if not, a possible correlation
cannot be understood)? Does the “number of laser pulses“ just indicate
the ageing of the diode (meaning that it should be replaced)?

• 12419/27: “no significant changes [of the background light] are expected“.
Does this agree with Fig. 3 when a factor of approximately 5 can be found?
Or are these values so small (compared to daylight conditions) that they
indeed can be considered as “more or less constant“. On the other hand,
a strong correlation between the temperature and the background light is
found (12420/7), which sounds plausible if it is understood as electronic
noise. Please extend the explanations.

• 12420/2: It would be nice to have regression lines in Fig. 3 (before and
after 2. September).

Please add regression lines also in Figs. 2 and 6.

• 12420/4: See also one of the previous comments: it would be advantageous
to replace “case“ by “date“, and to explain why the number of cases (22
vs. 47) is different for Jenoptik and Vaisala.

• 12420/16: I appreciate the units m−1 sr−1 as given in the text! Please use
these units in all figures as well, not Mm−1 sr−1! There are no reasons to
use ’Mm’: this is a scale that is absolutely irrelevant for vertical soundings
of the aerosol distribution (’km’ might be acceptable as well)!

• 12420/23: The “cloud calibration“ is used to determine a “calibration con-
stant“. According to Sect. 3 this is CC, thus this symbol should be used
here. See also my comments on how CC and CL are related. If the concept
of CC is introduced by the authors it should be used throughout the paper
whenever it is possible to facilitate the reading. Furthermore, a plot similar
to Fig. 2 (left panel) should be included – then the paper is much more
homogeneous. Such a figure is also required to fully benefit from Fig. 5.
See also my comments on ’why is the cloud calibration applied’?

• 12420/25: According to the arguments of the authors the recommendation
should not be ‘’probably on the scale of months“ but a calibration as a
function of ambient temperature (if the authors’ conclusions hold).

• 12420/26: Here “CC“ appears the first time within Sect. 3.2. Please make
this clear before (see previous comments).
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Madonna
Evidenziato
The personal communication aims at showing the experience that other people had with the same instrument, though the experience reported by Dr .M. Wiegner is different from those gained during INTERACT.

Madonna
Evidenziato
Number of laser pulses indicate the number of shots per measurement cycle and not the total from the first shot.The "State of laser" is a sort of flag provided by the manufacturer. Anyhow this has been removed from the text since it is not relevant.

Madonna
Evidenziato
Figure 3 is a time series so the authors do not see how to fit a regression line. If the reviewer wants to modify the plot to have a scatter plot, the authors think that the time series and numbers of the regression lines in the text should be already sufficient.

Madonna
Evidenziato
See the comments above, for Figure 6 the authors do not understand what the reviewer is asking (correlate the time series with what else?)

Madonna
Evidenziato
Indeed, the authors think that it is just a matter of a factor so both could be good.Moreover, in the lidar community several recent papers make use of this units.Of course, the authors can change it but they do not see any high criticity on this point.

Madonna
Evidenziato
Yes, the authors might agree on the idea to recommend a check of the calibration as a function of ambient temperature, but more studies over longer datasets are needed to quantify which are the temperature gradients that can affect the instrumental behaviour.The check of the calibration on a scale of months, for now, is a sufficient warning for the ceilometer's users.

Madonna
Evidenziato
Please see previous comments

Madonna
Evidenziato
please see the comments above.

Madonna
Evidenziato
See the above comments.In addition, it is worth to precise that the calibration performed using the algorithm by O'Connor et al. has been applied to the one stratocumulus case observed before the beginning of the campaign by the CT25K. The case has been selected to fit in with the assumptions of O'Connor et al., and the retrieved constant has been used for the whole campaign. This is also what is tipically done in the frame of Cloudnet data processing (www.cloud-net.org).



• 12421/3: The IWV is plotted over time. This is reasonable and another
argument to change “case“ to “date“. It should be explained why a full
year is plotted, whereas INTERACT lasted only for 6 months.

• 12421/10: Again, CC is discussed but not shown in a figure (see previous
comments).

• 12421/15: Fig. 6, showing CC for the Campbell ceilometer is another
reason to include the corresponding figure for the Vaisala. For three cases it
seems that CC is zero. Is this possible? Are the four cases with CC around
10 and more just malfunctions that should be ignored? For the remaining
cases CC seems quite stable (give average and standard deviation).

• 12421/17: Though most of the readers can guess what “SD“ is, it must
be explained.

• 12421/22: Internal and external temperatures are mentioned but not shown
as before (Jenoptik). Is there a specific reason for this? What is the ’inter-
nal’ temperature in case of the CS135s; this information should be added as
it is specified (to some degree) for the other ceilometers (laser or detector).

By the way: it would be useful to extend Tab. 1 (or adding a new Tab. 2) for
a list of the most relevant housekeeping data stored in the data files of each
ceilometer. In particular, in view of the authors’ request to store system
parameters, this would make sense. It would also help to substantiate the
last sentence of this section (“other available system parameters“).

• 12422/8: “stability of the overlap factor“: What is meant by ’factor’? Isn’t
it a height-depending function?

• Sect. 3.4: Just to get it right: the ratio β′
ceilo/β

′
musa is determined as fol-

lows: β′
musa from Klett-inversion, and β′

ceilo from forward integration using
CL,ceilo from the calibration process. Then, the problems with the variabi-
lity of CL,ceilo and CL,musa also affect the following results of the overlap
functions. To separate the issues of the stability of the systems (i.e. the
individual CL’s) and the stability of the overlap-function, it seems to me
that it is more adequate to match the (uncalibrated) signals of the ceilo-
meter and MUSA at a range, where full overlap is guaranteed and discuss
the resulting ratios. As a consequence I expect a much better stability
of the overlap functions for all ceilometers. In the present state I can’t
imagine any physical reason for the enormous variability presented in the
manuscript (are there loose parts in the systems?). A consequence of the
procedure presented in the manuscript is that the ratios shown in Fig. 7 do
not approach 1 at 2 km (or so; it seems to be a consequence of a wrong
calibration). So, how can the user benefit form the results? I also do not
understand what the reader can conclude from the vertical bars: it primarily
reflects the uncertainty of the calibration; nevertheless the overlap function
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Madonna
Evidenziato
This was related to take advantage of the automatic existing plotting routines.In the new version of the manuscript this has been changed.

Madonna
Evidenziato
This is an unwanted mistake due to the file conversion. In the version submitted in Word it is written "standard deviation" instead of SD.

Madonna
Evidenziato
The authors reviewed the literature to find the best word for this (several have been proposed). Anyhow, in the new version we will use "overlap function".

Madonna
Evidenziato
See previous comments

Madonna
Evidenziato
Please see the comment above.

Madonna
Evidenziato
No specific reason for this.Internal temperature is measured in the ceilometer's housing. External temperature is the enviroment temperature and this is now clearly mentioned in the manuscript.

Madonna
Evidenziato
The Table 1 (see previous comments) aims at comparing the main ceilometers' specifications. The other parameters that the authors tried to use for monitoring any instability of the ceilometers are defined by each manufacturer in a different way, using not only a different naming but also different conventions and not all of them are available for each ceilometer.To increase the knowledge of this parameters, a Table for each ceilometer would be needed but maybe the user manuals on-line available already fulfil this need.

Madonna
Evidenziato
Normalization has been performed for all the cases around 4 km a.g.l. and each normalized profile have been inspected visually.The comparison between ceiloemeter and lidar signals shows quite often the following situation:if you normalize at the upper tropopsheric levels available according to the SNR, the lower levels below 2-3 km have a good agreement with the lidar profiles but only in terms of shapes, there is a difference in the absolute values.If you normalize at lower levels this affect the signals a the higher alltitude levels.Therefore, there is probably a problem of dynamic range in the signals or another non-linear effect affecting  them.



can be smooth with a comparably small uncertainty. Both effects should
be considered separately. The author’s conclusion, that a time-dependent
overlap correction must be applied, seems unrealistic: how shall this be
possible? What is the criterion to change from one function to another?

This section requires major revisions.

• 12425/Eq. 3: Attenuated backscatter should be defined when it first ap-
pears.

• 12425/9: T 2 should be replaced by T .

• 12425/11: “... has been neglected“. Better: “... has been set to 1“.

• 12426/3: Where is the 1% error coming from? Is Ansmann’s paper consi-
dering the situation discussed here – I don’t think so (their paper was on
Raman lidars)? A rough estimate shows:

1064

905
= 1.176

whereas

(
1064

905

)1.5

= 1.275

This is much more than 1%.

• 12426/6 (Fig. 8): A discussion of Fig. 8 is more or less lacking and should
be added. For this purpose it might be useful to limit the vertical range
to 4 km. In the lowermost part it seems (from visual inspection) that the
Jenoptik signals are the worst.

• 12426/16: Why is it “useful to recall...“, in no case signal above 4.5 km
are shown.

• 12426/18: I am surprised that the authors state that the “agreement ...
looks good“. What is meant by “for the whole time series“: only one profile
is discussed. Is “below 1300 m“ a typo (should it be “above 1300 m“)? The
deviation of the CHM15k-profile is very large! In case an overlap correction
is applied it would probably be even worse. On the other hand the Vaisala-
profile is very low and underestimates the aerosol backscattering already
below 1 km. In summary I would expect a somewhat more critical discussion
here. Maybe a re-evaluation is required.

• 12426/21: It is true that two ceilometers are affected by water vapor ab-
sorption. Nevertheless, the Campbell profile reproduces nicely the reference
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Madonna
Evidenziato
See comments above

Madonna
Evidenziato
See coments above

Madonna
Evidenziato
Ok.

Madonna
Evidenziato
The sentence has been removed

Madonna
Evidenziato
The authors thank the reviewer for the identification of this mistake.In the new version of the manuscript all the calculation have been done using the backscatter-related angstrom exponent at 1064-532 nm retrieved from the MUSA measurements, assumed as the best approximation of the 1064-905 backscatter-related angstrom exponent.For those point of the MUSA profiles where the values of the backscatter related angstrom exponent is below zero or exceeds the value of 2.0  the climatologic value of 1.048, obtained during the period of the campaign, has been assumed, consistently with previous studies. We also assumed that in the range covered by CT25K and CS135s there were no aerosol-free regions.Small differences are reported with the results obtained in the previous version. So fixed the mistake in the citation, the results are mostly the same as in the old manuscript version.

Madonna
Evidenziato
A time dependent correction does not mean to change instant by instant the value of the constant but this claims the need for frequently re-evaluations of the overlap function over the time. The corresponding paragraph has been rephrased in order to clarify.

Madonna
Evidenziato
We thank the reviewer for the useful comment. Following also the suggestions provided by the reviewer #2, the section about the overlap stability has been structured in a different way to avoid the mixing of the variability of the ceilometer profiles due to  the normalization on the lidar profile with the variability due to the overlap function. To avoid any misinterpretation of the section, the authors have decided to limit the section to discuss two examples that show the differences between MUSA and the ceilometers as well as the instability in the region of incomplete overlap. To the authors opinion, these examples can still give a clear idea of the instability occurring in the region of incomplete overlap, though a statistical assessment of this instability is postponed to an expected follow-up paper also mentioned in the conclusions. The authors think that in this way the section will be more in line with the reviewer’s expectations opening the way to future and deeper studies on the topic.

Madonna
Evidenziato
The paragraph has modified as follows: "In the presented case, the agreement among MUSA, CS135s, and CHM15k looks good in the residual layer observed about below 1300 m a.g.l. in the whole time series, while the CT25K detects the boundary layer vertical structure though the SNR strongly decreases with the height and is not able to provide a reliable estimation of the residual layer. The CT25k generally underestimates the value of the attenuated backscatter along the whole profile. CHM15k and CS135s are also able to detect the aerosol observed by MUSA in the free troposphere while the CT25k not. It is also important to recall that the CT25K and CS135s are affected by the water vapor absorption at their operating wavelength (905 nm).Moreover, see also previous comments about Fig. 8.

Madonna
Evidenziato
In Fig. 8, the  false coulor image showing the CHM15k measurements has been replaced because affected by a scaling problem in the plotting routine and now looks consistent with the text of the section.The plots in Fig. 8 have been reported up to 6 km a.g.l. to show also the thin layers  detected by MUSA above 4 km a.g.l.The figure 8 is now discussed a bit more as requested by the reviewer.



profile, whereas the Vaisala doesn’t. Do the authors mean that the absorp-
tion is responsible for the “noisy retrieval“ of the Campbell and the total
attenuation of the low energy Vaisala-ceilometer? On the other hand, the
perfect agreement between MUSA and Campbell is surprising.

• 12426/25: “In this section ...quantitatively“. This should have been the
case already in Fig. 8!

• 12426/28: Omit the sentence “In addition, the relationship...“ or make
clear that different wavelengths are considered! Otherwise it is confusing.

• 12427/6: “The number of cases ... is not the same ... described in Sects.
2 and 3“: See corresponding previous comment.

• 12427/3 ff: It might in general be difficult to get quantitative conclusions
from Fig 10, nevertheless it would be nice to have a quantitative measure
to be interpreted (are there any ideas?). From the figure it is not visible
what happens at 1.0−10 m−1 sr−1 and what the relevance of this threshold
is (it is very very low!). Reminder: change the Mm−1 sr−1 in the figure to
be consistent with the text.

• 12428/5 ff: I don’t see any reason for introducing αp(355). A compari-
son between αp(355) and βp(1064) only has a limited benefit: the ratio
depends on the lidar ratio and the Angström exponent, i.e., on the micro-
physics of the particles, and thus, different ’cluster’ will appear according
to the aerosol type. A comparison between αp(355) and β′(1064) makes
even less sense because a quantity at range z is compared to a quantity
depending on the range from 0 to z. As a consequence attribution of a pair
of measurements to an aerosol type is hardly possible. Why do the three
distributions (left column of Fig. 10) look so different?

The concept behind this part of the manuscript must be presented in a
convincing way, and the results must be discussed in detail. Otherwise
just compare β′(1064) of MUSA to β′(1064) or β′(905) of each of the
ceilometers as it was done in Fig. 4 for the CT25k.

• 12430/16: “...experimental setup of CHM15k has the better performance“.
A clear ranking is missing (and certainly hard to provide), so the main
criteria on which this statement is based should be briefly summarized.

• 12430/20 ff: Items 1 and 2 could be shortened, in particular when conclu-
sions rely on estimates rather than on extensive calculations. Item 3 only
concerns one out of three ceilometers. In total I expect that the conclusi-
on must undergo significant changes when my comments (in particular on
Sect. 3 and 4) are considered.
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Madonna
Evidenziato
To the authors' opinion, this is based on the comparison between the pdfs of each ceilometer and MUSA, respectively.The comparison between pdfs is one the most widely used approach to compare two estimations/measurements of the same variables.From the study of the pdfs, we could make use of the entropy theory to find a quantitative metric to provide a ranking.But this is maybe too much for the scope of the paper because it needs also to introduce a few concept of the information theory. In a follow-up paper this reviewer's suggestion could be better addressed.

Madonna
Evidenziato
We apologize here with the reviewer but the authors miss the difference between estimates and extensive calculation.Anyhow we tried to improve the text of the conclusions section.

Madonna
Evidenziato
See the comments above.

Madonna
Evidenziato
OK.

Madonna
Evidenziato
This meant to indicate a statistical comparison and not a quicklook comparison. Sentence has been anyhow rephrased.

Madonna
Evidenziato
As the reviewer can see from the other statistics reported in the manuscript, theagreement between MUSA and CS135s is not always perfect.The CS135s noisy singnals are largely discussed in the paper and the reason is not related to the water vapor absorption but to a signal distorsion.

Madonna
Evidenziato
After an internal discussion, the authors are still convinced of the validity of the approach. First of all the use of the extinction coefficient instead of the backscatter coefficient at 1064 should be preferred as retrieved from the Raman signal using very low assumptions.Moreover, the scope of the comparison, as already explicitely mentioned in the manuscript, is that "..... The relationship between the 355 nm aerosol extinction coefficient provided by MUSA and the attenuated backscatter (ß’) obtained at 1064 nm by MUSA and by the three ceilometers, respectively, have been compared (Figure 11) to further investigate the ceilometers’ performance and their sensitivity to different aerosol types, i.e. different extinction coefficients. "Actually, the outcome of the comparison reveals how the performances of the ceilometers might be influenced by the observation of different aerosol optical depths. This influence seems to be dependent on the season and on the values of the optical depth typically observed in summer in South Italy and induced or by thermal effects or by the insufficient dynamic range of the systems. 

Madonna
Evidenziato
See the comments above.

Madonna
Evidenziato
Conclusions have been modified following the comments reported above in reply to the reviewer's suggestions.




