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I don’t see a real value or potential impact of this paper in its present form in the
problem of assessing and mitigating the variability of the calibration stability of water
vapor Raman lidar systems. The paper does not contain any new solution proposed
by the authors to address the calibration stability issue in water vapor Raman lidars.
Considered solutions, most of which already proposed by other authors in previous
papers, are aimed to achieve a higher stability of the lidar performances, with a con-
sequent improvement also of the calibration stability. The topic treated in the paper is
quite marginal as it reports few technical solutions, already reported in previous pa-
pers, which have been implemented by the authors also in their Raman lidar system to
address the stability issues related to their specific system setup and the related impli-
cations in terms of the calibration stability. This paper is written is an ineffective way.
The real benefit for the lidar community of the technical results contained in it are poorly
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emphasized and consequently do not appear clear to the reader (see more comments
below). The authors need to reformulate the abstract, the introduction and reshuffle the
text of the paper in a way to more strikingly express the value and the potential impact
of their scientific effort. Authors describe a system (figure 2) characterized by a 10-15
% variability of the calibration factor within a time interval of 5-10 min in signal break
conditions and by a 30 % variability in less than one hour in signal fading conditions.
Besides the described effort and suggested solutions in terms of small changes in the
optical layout of the receiver, which are aimed to mitigate the system instabilities and
partially reduce the variability of the calibration factor, my personal impression is that
the system requires a substantial improvement in the receiver optical layout, making
it more compact and possibly relying on a different coupling between the telescope
and the spectral separation section of the receiver. I think that in the present form the
manuscript should be rejected. However, I realize and appreciate the amount of ded-
icated work the authors carried out and included in the manuscript and I would like to
give the authors the opportunity to sensitively improve the paper and encourage them
to resubmit a revised version of the paper. I am available to review again the paper
after major revisions. I suggest the authors to re-shuffle the paper in a way to have a
paper with a different focus, i.e. the description of the recent upgrades of the IGN Ra-
man lidar, illustrating all changes and improvements implemented in the receiver and
finally demonstrating the achieved improved performances of the system in terms of
precision, vertical extent and finally also calibration stability. Results in terms of testing
different fibers and optical paths, assessing the impact of the spatial non-uniformity
of the PMT photocathode and the spot movement on fiber input, etc., deserve to be
published, but in a paper where it is clear that the implemented upgrades are aimed at
improving the system performances and reducing the optical instability of the receiver,
while keeping the original suboptimal configuration of the receiver, with the telescope
and the spectral separation section of the receiver completely separated. I also sug-
gest a careful and dedicated reading and improvement of the English language by one
of the senior scientists co-authoring the paper to improve the readability and effective-
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ness of the paper.

Additional major points:

The title reads: “Study and mitigation of calibration error sources in a water vapor
Raman lidar”; however, the paper more specifically deals with the assessment of cal-
ibration factor instability and its sources and not on the calibration error sources. Be-
sides what already suggested above, which would also ultimately lead to a substantial
change in the title, in the present stage a more appropriate title of the paper would have
been: “Study and mitigation of calibration factor instabilities in a water vapor Raman
lidar”.

In order to illustrate the motivations behind this research effort, authors specify in the
Abstract that: “. . . such drifts are incompatible with both the long term stability required
for applications such as climatology and the absolute accuracy needed for wet path
delay correction of GNSS signals.” However, nowhere in the text of the paper they
explicitly face this important issue of specifying what are the stability requirements for
both climate applications and to provide the absolute accuracy needed for wet path
delay correction of GNSS signals.

Authors write in the Abstract that: “In order to validate . . . the new procedure, mea-
surements . . .”. However, there is no new procedure here as in fact, as also specified
by the authors, the procedure and solutions reported here had been already illustrated
and discussed in previous literature papers. This should be more clearly emphasized.

Introduction, line 41, authors write that high accuracy and stability data “. . . necessi-
tate a careful and continuous calibration of the system.” While a careful calibration is
certainly required, a continuous calibration is indeed a peculiarity and drawback of op-
tically unstable systems as the one illustrated in this paper. As already specified above,
the objective of the paper should be the description of the upgrades implemented in
the receiver (optimization of fiber and optical path, reduction of the effects associated
with the spatial non-uniformity of the PMT photocathode and the spot movement on
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fiber input, etc.) to make it more stable and consequently reduce the short- and long-
term drifts of the calibration coefficient. A continuous calibration is a very demanding
requirement which is certainly not required in other Raman lidars with a more compact
and better designed receiver.

Introduction, line 46 and following. Here authors refer to “an independent and a de-
pendent approach”. Dependent or independent on what ? This is not clear in the text.
You probably refer to a “dependency” on a measurement from an external reference
water vapor sensor, but this is certainly not clearly indicated in the text. Additionally the
terms “independent approach” and “dependent approach” were not those used by au-
thors who introduced these Raman lidar calibration approaches, even those explicitly
cited by the authors (Ferrare et al. 1995; Leblanc et al., 2011; etc., by the way Leblanc
et al. became a AMT paper in 2012). This part should be re-written more clearly.

Introduction, line 61 and following. Here the authors write: “The so-called depen-
dent calibration method is thus performed by calculating a normalization factor from
the comparison of the “lidar profile” with either a radiosounding (Ferrare et al., 1995;
Leblanc et al., 2011), or integrated water vapor (IWV) measurements from GPS, or mi-
crowave radiometers (Turner and Goldsmith, 1999), or ground based humidity sensor
data (Revercomb et al., 2003).” This sentence is very generic and unclear as in fact
it does not allow the reader to understand what the authors mean for “lidar profile”:
is this the power ratio of the H2O over the N2 Raman signals ? Or does this include
any normalization term ? Usually authors distinguish a height-dependent and a height-
independent component of the signal power ratio for the purposes of the calibration.
This should be clearly specified already at this stage of the paper.

Introduction, line 68 and following. Here the authors write: “. . . that is 5% for radiosonde
data, 2% for capacitive sensors, and 2-5% for GPS IWV data.” Radiosonde is not a
humidity sensor itself. A variety of different humidity sensors are considered in the
different radiosonde packages used by meteorological services around the world. The
capacitive sensor is used in specific radiosonde packages. Please, re-write this more
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clearly so that the reader can understand what you want to mean when you distinguish
between radiosonde and capacitive sensor.

Introduction, line 181 and following. Here authors specify that both collimating lens
L1 and focusing lens L2, L3, and L4 have a focal length of 46 mm. However, unless a
achromatic doublet is used, the focal length is defined at a specific wavelength. At what
wavelength is the focal length of 46 mm defined ? What are the focal lengths of the
used lenses at 354.7, 386.7 and 407.6 nm ? How is the difference between these focal
lengths and the value of 46 mm affecting the collimating and focusing properties of
these lenses ? Certainly, the light coming out of L1 at 354.7, 386.7 and 407.6 nm is not
be collimated if the focal length is 46 mm at a different wavelength; additionally, the un-
collimated light coming out of L1 at these three wavelengths will not be properly focused
on the corresponding PMTs. In this respect, in line 237 and following, authors specify
that: “For each lens and fiber combination, the distance between the source –i.e. fiber
output– and L1 is optimized with the software (ZEMAX) to obtain a collimated beam
throughout the optical detector system”. However, it is not clear at what wavelength this
software optimization was performed. Furthermore, un-collimated light beams passing
through the interference filters determines the incidence angles of these beams on
the filters to be different from 0◦ (which is the incidence angle assumed in the text by
the authors), with consequent drifts of the interference filters’ center wavelength and
changes in signal strength. All the above aspects have to be addressed and properly
described in the paper.

Section 3 of the paper (Optical Optimization) is primarily dedicated to the optimization
of the optical layout of the receiver to eliminate the “vignetting” effect, with no reference
to any other aspect of the optical system layout requiring optimization. Please, specify
this better. If you don’t report any other aspect of the optical system layout requiring
optimization, chance the section title to make it more specific to its effecting content,
i.e. the removal of the “vignetting” effect.

Section 3. At what wavelengths was the ray tracing analysis performed ? I understand
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that this was performed only for the nitrogen channel optical path, so I imagine that the
optimization was carried out at 386.7 nm. I would imagine that a different optimization
would pertain to the other wavelengths involved in the system. Is this correct ? How is
this accounted for ?

Section 3. The description of the simulation in the text refers to lenses L1 and L3, while
the graphical representation in figure 4 refers to L1 and L2, so there is an inconsistency.
What was the pair of lenses involved in the optimization computations: L1 and L2 or
L1 and L3 ?

Section 3. Close to the end of this section the authors state that: “The focal lengths
of the lens suggested here are somewhat arbitrary, and other configurations that meet
the non vignetting condition are possible”. Please, explain better what you mean here.

Figure 9 shows the only example in the paper of the WVMR profile derived from the
Raman lidar signals against a radiosonde profile. The text associated to the figure in
the manuscript and the figure caption do not specify if the measurement was collected
in daytime or nighttime and what are the integration time and vertical resolution of the
lidar data. Is the time integration 5 min and the vertical resolution 7.5 m as specified
above in lines 372 and 370 , respectively ?

Section 5.2, line 408. Authors specify that: “. . . these measurements will be called
"N2 Calibrations" hereafter”. However, the term N2 Calibration was already used to
indicate the same approach by Whiteman et al. (1992). Probably the authors should
cite or refer to this previous paper for what concerns the N2 calibration approach.

Concerning Figure 12 in Section 5.3. Figure legend specifies that the bottom panel
represents the normalized calibration coefficients after the correction of the instrumen-
tal drift represented by the variations of the "N2 calibration" coefficients for the 350-450
m. This sentence is not clear: what so you mean for “. . . represented by the variations
of the "N2 calibration" coefficients for the 350-450 m” ? Do you mean the calibration co-
efficients obtained after the correction of the instrumental drift based on the application
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of the N2 calibration approach ? Furthermore, in the text of the manuscript the bot-
tom panel of figure 12 is indicated to represent the normalized calibration coefficient,
relative to the mean over the period, which is a different quantity with respect to what
indicated in the figure legend. If the correct meaning of the quantity is the one indicated
in the figure legend (in the way I interpret it), I am not surprise that the application of
the N2 calibration approach leads to a sensitive reduction (down to a value of 2-3%
per month) of the drift in the H2O calibration coefficients. A similar result had been
obtained by Whiteman et al. (1992), when these authors introduced the N2 calibration
approach.

Section 5.3, line 446. Here you write: “The important result here is to notice that the
drift in the H2O calibration coefficient is very consistent with the N2 calibration results”.
I am not sure I understand what you mean here with this sentence.

Section 5.3, line 448. Here you write: “We chose the 350-450 m layer for the correction
because of its better stability”. Why a better stability is achieved considering the 350-
450 m layer ? The lidar performances look quite stable up to much higher levels. What
is the motivation behind ?

Specific minor points:

Authors state in the Abstract that: “. . . that variation sources can be mitigated”. How-
ever, the expression “variation sources” is itself not clear: probably they mean “calibra-
tion instability sources”.

Abstract, line 17, authors write: “. . . with a “unique” nitrogen filter used for detecting the
signal in the two measurement channels.” Here I believe you mean “. . . with a “single”
nitrogen filter . . .”.

Abstract, line 23, authors write: “They show a similar small drift . . .”, but it is not clear
what the term “they” refers to.

Introduction, line 27, the sentence should read: “Raman lidar has become, after several

C7

. . .”

Introduction, line 31, the sentence would better read: “has been evidenced to be of
primary importance” instead of “substantial”.

Introduction, line 36, the sentence should read: “. . . have jointly developed . . .”.

Introduction, line 37, you write: “The ability of the IGN Raman lidar to retrieve water va-
por . . .”. Raman lidars do not provide “retrievals”, but measurements; more specifically
what in measurement theory are defined as indirect measurements, with the unknown
quantity (water vapour mixing ratio) determinable from the directly measured quantities
(H2O and N2 Raman lidar signals) through the application of an analytical expression
relating unknown and directly measured quantities. In this respect the sentence should
read: “The ability of the IGN Raman lidar to measure water vapor . . .”. Remove “re-
trieved” also from the following sentence.

Introduction, line 37, the sentence should read: “. . . has been confirmed during several
campaigns involving other humidity sensors . . .”.

Introduction, line 40, the sentence should read: “High accuracy and stability data . . .”
instead of “High accuracy and stability of the retrieved data . . .”. Introduction, line
42. It is not clear what authors mean for “instrumental coefficients”. They cannot
introduce this expression without any explanation of what they refer to. Are these the
lidar transmitter and receiver optical efficiencies ? Or what else ?

Introduction, line 113. Authors write: “The challenge is now to reduce the variations of
the calibration coefficient in a system including these two elements.” It is not clear what
are the two elements the authors are referring to.

Section 2. It is not clear if the divergence and field-of-view values reported here are
FWHM or HWHM. Please, specify.

Caption of Figure 2. H2O photon-counts are in red and not in black. The ratio of the
two Raman channels in the bottom panels are in red and not in grey. These color
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changes are also needed in the corresponding text. Additionally, the plotted quantity
should appear with its unit in the y-axes and not only indicated in the figure caption.

Section 2, line 199. In order to avoid to have the term PMTs repeated twice in the
same sentence, the text should be modified as follows: “The detectors used in the IGN
Raman lidar are . . .”.

Section 3, line 259. Authors write: “The adjustment tolerance does not mean a constant
calibration coefficient on this range of position”. This sentence is not clear and should
be reformulated providing more details of what the authors mean.

Section 4.2, line 310. The sentence should read: “The results are illustrated in figure 7
. . .”

Section 5.1, line 389. The short term ZWD is used several time in the text before its
definition is finally given here.
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