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General comments

The paper presents a new backscatter-lidar forward operator based on the distinct cal-
culation of the aerosol backscatter and extinction properties. This operator was then
applied to a specific case study: the Eyjafjallajékull eruption in 2010. It is noted the
importance of developing a forward operator based not on a fixed lidar ratio. This ap-
proach is really valuable and could have significant impact on future data assimilations
schemes. The paper is generally clearly written and the topic is suitable for AMT. How-
ever there are still aspects to be better exploited before the paper can be accepted for
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publication on AMT.

| understand that the chosen case study is considered suitable because in case of a
volcanic eruption the source is known and very limited in space and time. However it is
well known that volcanic ash particles are not spherical and this increase the complex-
ity of the case study. The authors have addressed this issue using, in a second step,
the T-matrix approach for sensitivity studies and they consider this approach sufficient.
Probably this statement should be better analysed. In particular, I'd suggest to reduce
as much as possible the other error sources. Limitation for particles larger than 10
micron can not be reduced (see also Madonna et al. JGR 2013, 10.1002/jgrd.50789),
because it is intrinsic in the lidar technique (even if with larger wavelength, as in the
case of ceilometers, the sensitivity improves but it is not sufficient for this particle size
range). On the other side calibration errors and eventual presence of aerosol back-
ground could be reduced using data from a Raman lidar or HSRL.

| understand that the Eyjafjallajékull eruption in 2010 was a great opportunity to present
the potential of the German ACL network, however in this paper only data from a sin-
gle ceilometer station are used. | do not see the need to present the network here.
Actually, even if | understand the interest of using this kind of ceilometers instead of
more advanced research lidar (clearly explained in the paper), | do not understand
why the comparison with the forward operator is not done first with a more advanced
lidar (at least measuring independent extinction and backascatter profile) [Raman li-
dar o HSRL]. It is not necessary to use a multiwavelength Raman lidar if the authors
do not want to, but at least a lidar providing independent extinction and backscatter
profiles. This could have helped the assessment of the operator reducing calibration
uncertainty and also improving signal to noise ratio at altitude where is more realistic
to neglect aerosol background and consider only volcanic particles.

The authors could then perform a sensitivity test in case of ceilometers. | have to say
that the smart idea of developing this operator does not fit with the calibration of the
ACL with CALIPSO (which is very weak). | suggest a more quantitative approach first
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and then to try to apply it to simpler lidar as the ceilometers, which | agree we should
better investigate the specific potential because even if more Raman lidar and HSRL
are becoming more “operational” the coverage will be never comparable as that we
have for the ceilometers.

Specific comments

Probably the reference Matthias et al., atm envir 2011 should be cited. Extinction
profiles simulated with a fixed lidar ratio.

Fig. 2 reports the distribution of the German ACL network: it is a pity that only 6 stations
are reported in green (clean air situation with a full view on the ash layers ). This is
not commented at all in the text. It should be probably explained or at least mentioned
what are the limitation of the use of these instruments (it is only reported that they are
more operational respect to research lidar). However as | said previously, | do not see
why this network should be presented considering that it is not used in the paper.

Calibration of the ACL with CALIPSO is very weak: no ideal co-location, limited signal
to noise ratio for the ACL.

Comparison between ACL and the model has no sense in the PBL because only
volcanic particles have been considered and here it is not possible to neglect other
aerosols (not only in the PBL, looking at the fig 15 and 16 at least up to 2 km of al-
titude). The ACL signal is too noisy between 4 and 8 km of altitude where a much
more realistic comparison with the model could have been done considering only vol-
canic particles. It is unrealistic to calibrate at 3 km of altitude supposing only molecular
contribution at this altitude in Central Europe (Pag 11, line 16).

The comparison with a much better calibrated lidar is recommended. There should be
many Raman or HSRL data available for the considered case study which could be
used for this comparison. To use better calibrated lidar data would have allowed a bet-
ter quantitative comparison, as also mentioned by the authors. | strongly recommend
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the authors to use this kind of data for the comparison with the model. Then, once the
operator is better assessed could be exported to the specific case of ceilometers.

Pag 3 line 15, extinction less sensitive to dimension and shape, but not on refractive
index

Pag. 10, lines 1-3: there are many lidar ratio data available for this case. Please add
appropriate references. The authors state here “missing reference measurement data”
which is in contrast with what reported at pag. 19, line 31.

Pag 20 lidar ratio di 5sr?? this value is completely out of the range of values observed
in case of volcanic ash.

Figures are not generally sufficiently commented.

References to relevant papers and important programmes in the field are omitted. Con-
sidering ceilometers networks, it is suggested to mention E-Profile at least in the con-
clusion.

Sections 2-4 could be more succinct.

Technical comments:

- The acronym “ACL” is reported in the abstract where it is not explicitly explained
- Page 17, line 1. “Predominantly”

- Pag. 20, line 16: A comparison “with” the volcanic . ..

- Please check the quality/resolution for fig. 2

- Figures 5 and 6: The readability of the text should be improved

- Figures 7-8-9-10: axis labels should be enlarged
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