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The authors present results of a simulation study on the retrieval of microphysical properties with two retrieval algorithms (inversion and linear estimation) that use data collected with a future space-borne multiwavelength HSRL. Such a lidar could be built
in the context of the ACE (Aerosol, Clouds, Ecosystems) mission. For that purpose
the authors use a global model (GEOS-5) that simulates optical properties of the atmosphere along a satellite orbit track that was chosen for this study. The simulations
of lidar signals in addition allowed for the generation of optical data that can be used
as input for the two algorithms that have been used for many years for the analysis of
what is denoted as 3 backscatter (at 355, 532 and 1064 nm) and 2 extinction data (355
and 532 nm). The authors also consider the case of a reduced optical data set of 3
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backscatter and 1 extinction (532 m) data sets. The authors provide information on the
retrieval performance of the inversion of lidar-simulated data and optical data derived
from simulations with GEOS-5. The authors introduce a threshold value of the minimum extinction coefficients (at 532 nm) in three atmospheric height layers. In that way
they define a measure of quality of the optical data that are used for the inversion and
the linear estimation algorithm. In addition the authors consider measurement errors of
15% of the optical data in their inversion and compare the retrieval quality to the results
of inversion of error-free data. The authors derive effective radius and bulk parameters
(number, volume, surface area) and refractive index.
It is encouraging to see that a team involved in lidar and algorithm development tackles the important question of assessing the potential of an “ACE” lidar with regard to
providing vertically resolved microphysical aerosol properties. Thus the authors start
a very important set of studies which will have impact on deciding if such a lidar can
meet that the expectations regarding significantly improved, vertically resolved aerosol
studies with space borne lidar in the 21st century.
I reject the paper in its current form. However, I strongly encourage the author to resubmit the paper. The idea of this study is highly important given the potential implications
of any publication that impacts the decision making on what kind of HSRL should be
built (3 backscatter and 2 extinction and one or more depolarization channels, or downscaled versions in which less wavelengths/channels might be used). I encourage the
authors to carry out a more thorough analysis of their simulation study (with additional
simulations where necessary) and particularly a thorough analysis of the implications
of their study. The results presented here are not robust enough in order to allow for an
informed assessment of the quality of the inversion results in view of the chosen lidar
parameters.
The model (GEOS-5) that is used for the simulations is not well described in the paper.
It remains a black box, comments are too general, and thus it is hard to judge how
representative the aerosol optical data (generated for the study) are. Are the aerosol
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scenarios (aerosol load, absorption properties, particle size) considered in this study
representative? Particularly, the authors mention the aerosol model. I would like to see
a critical description and assessment of this aerosol model. In how far is this aerosol
model suitable for this study? What is the impact on the optical data generated in
this study if this aerosol model (over)simplifies? The authors consider fine mode particles and coarse mode particles. Can coarse mode particles and their optical data
modelled in a realistic way? Is dust considered in this study? If yes, are these optical data trustworthy in view of the fact that the modelling of optical data of dust (the
authors mention Mie simulations) is questionable. There is plenty of literature on this
topic. If this aerosol model has simplifications and constraints: these factors transfer
to the input data set that are used for data inversion. Thus the inversion results may
be biased or may not reflect the true situation in a reasonable way. What are the assumptions made in the simulations (with GEOS-5) of lidar profiles in general, aside
from the aerosol model? Such information must be provided in a paper that wants to
inform the reader on the potential benefit of a multi wavelength high spectral resolution
lidar for aerosol studies in the 21st century. Further it is unclear what the quality of
the microphysical data really is. The authors show a few tables which are compressing
the information on the retrieval quality. It is impossible to decide how the optical data
quality influences the retrieval results. Figures 3 and 4 show distribution functions, but
these plots are too general and provide little insight on the real challenges one is faced
with when experimental data are analyzed in a future ACE mission.
To my opinion the second main part of this paper is the generation of the optical data
based on an atmospheric simulator. Thus it is equally important to provide sufficient
information on the input data (simulation of lidar measurement and generation of optical data from GEOS-5). Why was one specific scenario chosen for this study? Is
it representative? Could there be an unwanted bias with regard to the choice of this
model. The choice of this example certainly influences the reader’s opinion on the benefit of a lidar system with the parameters listed in Table 1. The authors mention that
the lidar parameters were chosen on the basis of feedback from manufacturers and
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lidar specialists (parameters are technically feasible and a reasonable representation):
the tables with the results on the microphysical retrievals in part are not encouraging.
What should be the technical parameters of such a lidar in order to obtain results on
microphysics that meet the ACE requirements? Or is that more a problem of the lack
of information content in the lidar data and not so much the quality of the optical data
provided by such a lidar. Table 5 shows that the retrieval quality does not really change
between input optical data with 0-15% error and 40-50% error (coarse mode, case C).
I find little change in the retrieval quality for fine mode particles (case A and B) up to
40% random uncertainty. This result is of concern.
The simulated lidar profiles shown in Figure 1 provide little insight on the general situation. A more thorough overview on the lidar profiles including comments on the uncertainties (under different conditions along the flight track that was simulated) should be
given. The authors show one(??) profile simulated for the HSRL lidar (specifications
are given in table 1) and compare it to lidar profiles of the CALIPSO lidar (in terms of
how much better the HSRL lidar could be). I think such a comparison should be made
more thorough as it also touches the topic of the benefit of this new lidar compared
to the CALIPSO lidar. In addition we need to keep in mind that data from CALIPSO
cannot be used for the inversion algorithm that is used by the authors. The authors
mention vertical resolution of 150 m for the backscatter and 450 m for the extinction
profiles. Did they use the same vertical resolution (backscatter and extinction profiles)
for generating the optical input data that are used in the inversion?
Tables 2 - 4 are helpful as they allow for a first insight on the potential yield of data
sets that can (from the total set of data points collected during a track) be used for data
inversion; please check Table 6 (color coding information for surface concentration is
missing). This yield, i.e. the number of data points suitable for inversion are based on
the constraint of extinction coefficient at 532 nm (0.02 km1-1). Do other factors play a
role in that yield? How big (number of data points suitable for inversion) would the yield
be if extinction is set to 0.01 km-1? What about the quality of backscatter coefficients?
C4

That does not play a role? The authors decide to remove extinction at 355 nm and run
another set of simulations. This is a good idea as it allows for some insight if a fully
blown 3 backscatter and 2 extinction lidar is not used. Why not do the same study by
removing extinction at 532 nm? What would be the yield of data points if you prescribe
a constraint on the extinction coefficient at 355 nm? What would be a suitable threshold
value?
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