
Response to Reviewer 1

We wish to thank Reviewer 1 for his or her review of our article. The reviewer feels that some revision is required, and we shall do our best to submit a revised 
version in line with the reviewer's recommendations.

a) The dataset that we present is indeed limited to a single case, but these are the limitations of field work for atmospheric research. It is often not possible to 
replicate an experiment; in particular, atmospheric research flights are sporadic in nature and are subject to budgetary and operational limitations. We are 
therefore uneasy with the reviewer's suggestion to increase the number of cases of CALIPSO underpasses with the research aircraft. As far as we are aware, the  
FAAM aircraft only did two underpasses of CALIPSO: the one discussed in the present article and a flight over Thessaloniki in 2011 (ACEMED experiment). 
The 2011 flight has been presented at the 26th ILRC, and is being currently thoroughly analysed with the aim of a future publication; that case is sufficiently  
dissimilar to this one, both in terms of scenario and methodology (the accent in that case being mainly on the in situ characterisation of the aerosols, whereas 
here we rely on the on-board lidar) to justify separate treatment.

b) We agree that wavelength conversion has its limitations, and we will add a caveat. However, it is the best comparison that we can have given the different  
wavelength of the two lidars. Wavelength conversion and caveat: see lines 109-118.

Figure 4a) We understand the point raised by the reviewer, because some profiles display very large extinction values. However, each of the profiles has a 
different horizontal extent and hence a different weight in the averaging. We shall add a sentence to the revised paper, explaining how the mean is calculated.  
Mean profile and weighing by horizontal extent: see lines 229-232.

Colloquialisms) Ok. See lines 140, 152, and 222.

Conclusions) We do not believe that one has to be ashamed of presenting a limited dataset. Satellite datasets are global in their nature, but then their verification  
relies on point comparisons which can be much less general. Different approaches exist: from general comparisons with a large number of ground-based 
observations within a network, to point verifications at one location; from multi-instrumental approaches to single instrument ones. The scene presented in this 
paper is quite a complex one, due to the presence of broken clouds within an aerosol layer (top of the boundary layer), and due to the oscillatory behaviour of 
the aerosol subtype. We have done a considerable effort in trying to disentangle the picture, and the findings are original in showing some of the strengths and  
weaknesses of spaceborne lidar. Moreover, such a scene is likely to be repeatable in the Amazon during the biomass burning season; and there have not been 
many validation campaigns in the Amazon, and in general in the Southern hemisphere. We believe that these arguments make a good case for this publication.



Response to Mark Vaughan's review

We wish to thank Mark Vaughan for his detailed review of our article. The reviewer supports our main conclusion, i.e. that this is a case where several factors 
contribute to make things difficult for CALIPSO: the low-level clouds increase the albedo of the scene, thus reducing the signal-to-noise ratio, and moreover  
their incorrect removal causes the aerosol subtype to oscillate between smoke and polluted dust, thus introducing distortion in the retrieved extinction retrievals. 
The reviewer, moreover, points out that validation experiments in the Southern hemisphere are rare, and thus that our underflight of the CALIPSO satellite is a  
good scientific opportunity.

We wish to point out that our aim is not to “criticise” the CALIPSO retrieval scheme: as a matter of fact, we are convinced that such an advanced and fully  
automated retrieval scheme is a great scientific achievement. Scientists working in the field of lidar know how difficult it can be to infer atmospheric properties  
from an elastic backscatter system when no additional information is available; more advanced systems, such as HSRL, would greatly simplify the task (this 
remark also applies to our aircraft lidar). It is therefore admirable that layer detection, cloud-aerosol discrimination, assignment of an aerosol subtype and lidar 
ratio, and profile inversion can be obtained automatically on a global scale. It is not our intent to diminish the work of the CALIPSO science team in any 
manner. Our only aim is to describe a critical scene that we have had the chance to observe, with the perspective that it may contribute to perfect the products in 
the future.

The reviewer points out that our paper is not well-structured and omits critical details. We hope that we can improve it by following all the points raised by him 
in the annotated manuscript.

Results are shown before methods: the reviewer is correct that we have forgotten to add a description of the airborne lidar and of the data analysis framework 
before the presentation of results; we shall add this information in the revised version. This has given the reviewer the impression that we assume facts for  
which we do not have evidence; we thank him for pointing this out so that we can reformulate the paper in a way that does not leave such a negative  
impression. We have added more information in section 2 (lines 89-118): this should address the problems addressed by the reviewer.

The reviewer remarks that we do not adequately describe the airborne lidar: we will do so in more detail in the new version; however this system is commercial  
and the amount of details that we can give is limited. Moreover, he feels that our data processing methods are not described adequately. The latter does not  
reflect the fact that our algorithm has been documented in a previous paper; probably we have to point this out earlier in the article, so as not to leave such an 
impression. We have added more information in section 2 (lines 89-118): this should address the problems addressed by the reviewer.

The reviewer then gives a detailed discussion on the question of “unstable outward retrievals” for nadir-pointing lidars. We believe that this is an interesting  
discussion, and we have dedicated an author comment on the ACPD forum to express our thoughts about it1. That author comment is to be considered as being 
part of this response; however the question of outward or inward retrievals is not the main point of our paper, and we are planning to reduce the emphasis on it.

Finally, the reviewer returns an annotated manuscript with several comments. These are addressed in the following pages.

1 http://editor.copernicus.org/index.php/acpd-14-C4349-2014.pdf?_mdl=msover_md&_jrl=10&_lcm=oc108lcm109w&_acm=get_comm_file&_ms=24600&c=75709&salt=89267299348901077



Page 5 of Mark Vaughan's review (comments to abstract)

1) We thank the reviewer for his comments which supports our main conclusion. We agree with the reviewer that multiple scattering in dense cloud can 
give depolarisation, and we actually see this very well in the level 1 volume depolarisation data (not displayed in the paper but available on the online  
quicklooks). From the level 2 data, we also see aerosol depolarisation in the smoke layer, at the same altitude where the clouds are detected (Figure 2e),  
and for this reason we infer that cloud depolarisation may have leaked into the aerosol product. A small fraction of undetected cloud can cause this  
effect. The consequence of this aerosol depolarisation is the mis-identification of the layers as polluted dust, which we observe in Figure 3e. We cannot 
think of a different cause for the assignment of this aerosol subtype in the CALIPSO product, and therefore we believe that this explanation is sensible. 
We are happy that the reviewer seems to agree to our main conclusion.

2) Ok. See line 8.
3)
4) There must have been a typo in the figures that we have given for Assesment Report 4: AR4 indicates +0.03 ± 0.12 W m-2 (see Chapter 2, Table 2.12); 

AR5 indicates -0.0  ± 0.2 W m-2 (see Chapter 8, Table 8.4). Note that this is the estimated value of the global mean radiative forcing, and is not 
representative of any particular observing scene. We shall correct the value for AR4 in the reviewed version of the manuscript. See line 18.



Page 6 of Mark Vaughan's review (comments to introduction)

1) Thanks for this correction. We shall amend the paper. See lines 33-34.
2)
3)
4) Thanks. We shall add these references. See line 35.
5)
6) Thanks. We shall add this reference. See line 39.
7)



Page 7 of Mark Vaughan's review (comments to introduction and section 2)

1) Ok. See line 49. 
2) Ok. See line 52.
3)
4) We have moved the discussion on the instability of the outward solution to a separate online discussion comment (see link given earlier in this response 

file). We shall in any case reformulate this sentence.  See lines 56-63, where this question is better explained.
5)
6) Thanks for pointing this out. We shall omit the highlighted sentence. See line 68.
7) We shall add a table with the principal characteristics of the Leosphere ALS450. This lidar has been a success for the characterisation of clouds, volcanic 

ash, desert dust and smoke because it enjoys additional information arising from a full set of in situ and remote sensing instrumentation on the FAAM 
aircraft, which complement the lidar observations. However, we are not the manufacturers of this instrument and do not have access to its internals in  
detail to produce a thorough documentation like CALIPSO's. Unfortunately the instrument is not anymore under production, and we acknowledge that  
its datasheet seems to have been removed from the manufacturer's web site. For this reason, it will be useful to give more information here. The  
instrument is not calibrated, but calibration is not required for the data inversion method that we use (Marenco, 2013). The instrument is polarisation  
sensitive,  but we have encountered difficulties into using the depolarisation channel in a quantitative sense; therefore we use depolarisation only  
qualitatively, and we are reluctant to display any plots of depolarisation since we are unable to calibrate it correctly (see Marenco et al, 2011, where this  
problem is already mentioned).  See lines 89-103 and Table 1.



Page 8 of Mark Vaughan's review (comments to sections 2 and 3)

1) This instrument is documented in two JGR papers by Gerbig et al (1996 and 1999). References will be added in the revised paper. See line 77.
2) Ok. See line 80.
3)
4) Ok. See line 81.



5) The CALIPSO footprint lasted 0.5 min; in the upgraded version, this shall be indicated. See lines 86-87.
6)
7) The coincidence (i.e. when the aircraft is flying closest to CALIPSO) is at the latitude 10.36S. We shall add a vertical line showing it in the revised 

version of Figure 2. Thanks for the suggestion. See Figure 2.
8)
9) The Leosphere only measures at 355 nm. Aerosol extinction has been converted to 532 nm using the Angstrom formula for a better comparison with  

CALIPSO. The Angstrom exponent was derived from AERONET. This is explained in the text; in the revised version we will make sure that it is 
clearer. As already mentioned (our response to comment 7 on page 7 of Mark Vaughan's review), we shall add a paragraph on the Leosphere instrument,  
and will indicate the method used for the derivation of aerosol extinction and for wavelength scaling. This information was available in the paper at a  
later stage, but we agree with the reviewer that it should be explained before the results are discussed. See lines 104-118.

10)



Page 9 of Mark Vaughan's review (comments to section 3)

1) Ok. See line 134.
2)
3) The reviewer is correct: the white space in the discussion paper indicates negative data. In the revised version, we shall revert to a linear scale because 

we believe that the logarithmic scale does not improve the way the information is presented. See Figure 2c.
4) Correct. We shall amend the text. See line 141.
5)
6) Ok. See line 142.
7) No layer detection is applied because, unlike in the CALIPSO retrieval scheme, for the aircraft lidar the whole column is processed at once. As the scene 

shows broken clouds, we simply omit whole vertical profiles featuring a cloud (this is a solution ad hoc for this scene) but we do not require a layer  



detection algorithm.
8) Ok. See line 146.
9) Ok. See line 146.

10) The gaps are shown in Figure 2d: from 11.35S to 11.1S (whole column); from 10.45S to 9.7S (surface to ~1300 m) and from 9.55S to 9.4S (whole  
column). We thank the reviewer for this explanation, and we shall add it to the revised paper. The description of the gaps has been added at lines 148-
150; the explanation suggested by the reviewer has been added at lines 162-168.

11) Ok. See line 152.
12) Ok. See line 152.
13) Ok. See line 152.



Page 10 of Mark Vaughan's review (comments to section 3)

1)
2) We thank the reviewer for this clarification, which we will add in the text. Added at lines 186-187.
3)
4) We thank the reviewer for this clarification, and we shall amend the text accordingly. See lines 188-191.
5) We completely agree with the reviewer's comment and this is the idea that we were trying to convey. In the literature we have often seen these products  

used in isolation, and we were trying to show that this cannot always be done. We will try to give a more effective message in the new version of the  
paper. Added at lines 186-187.



6)
7) We thank the reviewer for his comments which supports our main conclusion  . See also our response to comment 1 on page 5 of Mark Vaughan's review.
8)
9)

10) We do not think in a particular way. We are just displaying the products and trying to connect them together so as to bring out a more complete picture  
that would come from taking them in isolation. What we observe is a highly variable CALIPSO extinction coefficient, with larger values near the top of 
the boundary layer. These are the layers where high resolution clouds are apparent in the Level 1 data, and the same layers where a “polluted dust” 
aerosol subtype is shown. The aerosol subtyping code is doing what it is expected to, given the imperfect removal of cloud signal at a previous stage in  
the retrieval chain, but this has to be considered within the context of the complete CALIPSO product (and not in isolation). The oscillation of the 
aerosol subtype does clearly indicate that the problem lies in the incomplete removal of cloud signal, because it is the only mechanism that could have 
introduced a spurious depolarisation.

11)



Page 11 of Mark Vaughan's review (comments to section 3)

1) The reviewer is correct. We shall use the more neutral word “assigned”. See line 97.
2) Ok. See line 97.
3)
4) We have moved the discussion on the instability of the outward solution to a separate online discussion comment  (see link given earlier in this response 

file). We anyhow plan to remove this statement from the revised article, and leave the question of numerical stability until the conclusions. See line 205.
5) Ok. See line 217.



Page 12 of Mark Vaughan's review (comments to section 3)

1)
2) We thank the reviewer for his comments which supports our main conclusion.   See also our response to comment 1 on page 5 of Mark Vaughan's review.
3) We have moved the discussion on the instability of the outward solution to a separate online discussion comment (see link given earlier in this response 

file). We anyhow plan to remove this statement from the revised article, and leave the question of numerical stability until the conclusions. See line 229.
4)
5) No. It is treated as a single layer scene, because we believe (from evidence of a month-long campaign on a multi-instrumented aircraft) that all the 



aerosols (in and above the boundary layer) are smoke, although possibly with different degrees of ageing. We shall add more details on how the aircraft  
data have been treated to section 2, in the next version of the paper. See lines 104-108.

6)
7) The reviewer is correct: the two measurements were separated by 200 km (see map in Figure 1). We agree that it would be better to have co-located 

measurements (unfortunately unavailable). However, we anticipate that on flights over the Amazon, where the distance covered was more than 200 km, 
a very large degree of horizontal coherence of the regional haze has been found during SAMBBA, except for fresh plumes just above a fire. Here, the  
AERONET measurement is only used to (a) verify the consistency of the Marenco (2013) method, where however AERONET is not a requirement of 
the method; and (b) infer an Angstrom exponent for wavelength conversion. The latter being an “intensive” property of the aerosols, it can be presumed  
to be consistent over a larger distance, more or less like the lidar ratio is often assumed consistent over scales much larger than 200 km (see lines 114-
118, where these considerations have been included in the text). Concerning the question on timing, the AERONET data have been simply interpolated 
to the time of the CALIPSO overpass (time now given at line 237). Concerning the remark that two different aerosols are present in the scene, we repeat 
(see response to comment 5 above) that we have good reasons to believe that all the observed aerosols in this scene are smoke, although possibly with  
different degrees of ageing (see lines 72-82).

8)
9)
10) The method is described in Marenco (2013), with its limitations and uncertainties. As discussed above (response to comment 7 of Page 9 of Mark 

Vaughan's review), we do not apply a layer detection scheme because we treat the whole column at once. By lower layers, we mean the height range 
nearer the surface (we shall specify this better in the next version; see lines 239-240): this is where integration is started, and a large uncertainty on the 
starting values exists; when moving inward, however, this uncertainty quickly decreases due to the mathematical stability of the solution, and becomes 
independent of the boundary value and little dependent on the lidar ratio (this uncertainty is clearly depicted in Fig. 4B of the discussion paper).

11) Any profile presenting at least a point within the 1500-8000 m altitude range, that has attenuated backscatter larger than 60 Mm -1 in both the 532 nm and 



the 1064 nm channels, is entirely removed before further processing. We could give the thresholds the revised paper if the reviewer feels it is useful, but  
to be honest we do not believe that these are general thresholds, nor that they should be applied blindly to other scenes. This quantities have only been 
tested on the small scale of this experiment and not on a general basis, and this is why we are not so keen to release them.

12)



Page 13 of Mark Vaughan's review (comments to section 3 and conclusions)

1) Ok. See line 249.
2) Ok. See lines 252-253.
3)
4) We have been puzzled by this difference as much as the reviewer, but we have not found an explanation. The difference is much larger than the  

uncertainty of the retrieval method, and hence is not to be considered due to the choice of the far end reference. For both datasets, cloud screening is  
done by completely removing whole vertical profiles affected by cloud, and therefore we do not believe that the discrepancy results from this procedure. 
It is quite possible that this is due to the “twilight zone” consisting of hydrated aerosols with different optical properties than the rest (lidar ratio and 
wavelength dependence): in that case, it is possible that retrievals at 532 nm and 355 nm yield a profile looking different. We thanks the reviewer for  



pointing this out, and we shall add a comment in the revised paper. See lines 160-164.
5) We thank the reviewer for this comment; however, we have never expressed any doubt about CALIPSO's calibration procedure, which we consider very 

convincing. We have to point out, however, that data inversion using the Marenco (2013) method, similarly to data inversion with the traditional  
Fernald-Klett  method, does not rely on calibrated lidar signals. If the signal is multiplied by a factor of 10, 100, or 1000, the derived extinction  
coefficient results identical. Therefore, of the three curves in Figure 4b, it is only the green curve that relies on calibration due to the way it is computed  
in HERA. Since the blue and green curves show quantitative agreement, where both are derived from the CALIOP dataset although with very different  
methods, and only the latter relies on calibration, we can say that the comparison tends to suggest that CALIPSO's calibration transfer is accurate. One  
more point has to be mentioned, however: when looking at layers near the surface, the lidar signal is affected by extinction in the overlying layers. In  
this scene, a layer of AOD 0.03 is missed by the CALIPSO layer classification scheme; this is equivalent to a 6% (e2τ) error on the instrument calibration 
when processing the lower layers; despite this, the green and blue curves show quantitative agreement. We do not believe that this brief comparison can 
reveal such small differences in the space lidar calibration, and our conclusion to the reviewer's question is that CALIPSO appears having a good  
calibration despite the SAA.

6) Ok. This sentence has now been removed: the same caveat is in fact already present in the introduction (lines 66-68). It is clear from the comments from 
reviewer 1 that this caveat leaves a wrong impression in the reader; therefore we do not think that we should over-emphasize it.

7) Ok. See line 271.
8) Ok. See line 271.



Page 14 of Mark Vaughan's review (comments to conclusions)

1)
2) We have moved the discussion on the instability of the outward solution to a separate online discussion comment (see link given earlier in this response 

file). We admire the CALIPSO data analysis framework (calibration, layer selection, cloud-aerosol discrimination, aerosol subtyping and inversion) 
because it is very powerful and it can be applied automatically to large global datasets; this is a capability that we do not have for the aircraft lidar,  
where we require human intervention in the data processing and interpretation. We have never intended to stir doubt about the hard efforts from the 
CALIPSO science team to get the best possible product. We have not said that the behaviour of the CALIPSO retrievals exceed the bounds of the 
estimated uncertainty; we had just added an element of discussion mentioning one of the potential origins of the large horizontal variability that is  



observed with CALIPSO (Fig. 2d) and is not picked up with the airborne lidar (Fig. 2b). It has to be taken as an element for discussion rather than a  
criticism of the CALIPSO data analysis framework. We have now omitted this sentence in order to reduce emphasis on this point; only one sentence on 
instability is kept at line

3) Ok. See line 278.
4) The instrument is polarisation sensitive, but we have encountered difficulties into using the depolarisation channel in a quantitative sense; therefore we 

use depolarisation only qualitatively, and we are reluctant to display any plots of depolarisation since we are unable to calibrate it (see Marenco et al,  
2011, where this is already mentioned; see also our response to comment 7 on page 7 of Mark Vaughan's review).  The problems with depolarisation are 
now mentioned at lines 93-96.

5)
6)
7) We thank the reviewer for pointing out that the specification for CALIPSO refers to an albedo of 0.05, and we shall add this information in the revised 

paper. See lines 195-297. We shall also ask a vertical line indicating coincidence in the figure. See Figure 2.
8) Kacenelebogen et al (2011) have found a misclassification of fine and strongly absorbing aerosol as dust and polluted dust; this is similar to our finding, 

although probably driven by different causes. We feel therefore that it is ok to reference this paper. We shall re-phrase the sentence. Rephrased text at 
lines 302-308.



Page 15 of Mark Vaughan's review (comments to conclusions)

1)
2) Tesche et al have found cases of misclassification of marine aerosols as dust or polluted dust, in the presence of clouds. A software bug has been found  

responsible for this misclassification, and therefore that case, although apparently similar, is different than ours. This what we are saying, and we do not  
understand what is wrong with our statement. The discussion tries to put our findings into a broader context, and it is appropriate to quote cases that are  
related or similar, but not identical. We shall re-phrase the sentence. Rephrased text at lines 308-310.

3) Ok. See line 313.
4)
5) We do not understand the reviewer's comment. Please read again our “second remark” (the previous paragraph) where the causes of varying subtype are  

clearly analysed in the same direction that the reviewer indicates. The present paragraph is to be read together with the previous one. We agree that the 
subtyping routine is being mislead by a previous stage of the data analysis (the layer detection routine), and this is exactly the message that we are trying 
to give. We will also mention shot noise, as suggested by the reviewer. See lines 321-323.

6) We have moved the discussion on the instability of the outward solution to a separate online discussion comment (see link given earlier in this response 
file).  We have kept the sentence on instability because we can not rule out that it plays a role in this specific case, and the theoretical framework 
suggests that it can. In the separate online comment, this is discussed in detail, and all the vertical profiles are displayed. We would be grateful if the  
reviewer could read that online comment and provide us with his opinion on the matter.



Pages 23, 24 and 25 of Mark Vaughan's review (comments to figures)

2.1,2.2,2.3) The reviewer has added three lines to our figure. We presume that he wants to highlight the bit of the elevated layer that CALIPSO has detected, but  
it is unclear to us what message he tries to convey.

3.1) Ok. See Figure 3, caption.

4.1) Please note that this figure shows a horizontally averaged profile over an area ~200 km long, whereas individual profiles show a larger variability (Fig. 4a). 
We have moved the discussion on the instability of the outward solution to a separate online discussion comment; in that comment we also display the profiles 
in Fig. 4a in an expanded graphical form, so as to make them easier to read (see link given earlier in this response file).

 


