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General comments

This article compares the performance of two models of optical disdrometers in terms
of rainfall accumulation, number of drops, kinetic energy (flux?), and radar reflectivity.
This is an important topic, as optical disdrometers allow the continuous measurement
of rainfall properties that are otherwise difficult to observe, such as drop-size and ve-
locity distributions, kinetic energy flux, radar reflectivity, etc. However, there are a
multitude of poorly understood sources of uncertainty associated with such measure-
ments. The authors collocate two widely used models of disdrometers and compares
their outputs for a large number of events, which is really a strong point of this article.
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I’m puzzled that the experimental setup does not include tipping buckets. They are
inexpensive, their uncertainties are well understood, and they would provide another
independent measure of rainfall accumulation, useful to help us understand which of
the models (or both models?) are likely to be overestimating rainfall volumes during
the study period. As a shortcoming that should be improved before acceptance for
publication, I would like to point out that some of the plots are underexplored. For ex-
ample, Figure 2 shows a striking difference between the behaviors of KE and rainfall
accumulation, however, there is little interpretation of the plot (more on this under spe-
cific comments). Figure 3 is not called in the text, although the discussion mentions
the events. Finally, the acronyms for variables and the instruments should be unified
throughout the text.

Specific comments

Page 2 Lines 12-14: “Disdrometers are also widely used to validate the reflectivity
values obtained by weather radars, for what the studies on small scale PSD spatio-
temporal variation and its influence in modeling PSD and rainfall rate - reflectivity (Z(R))
relations are particularly important”

This sentence is a bit confusing. Please consider rephrasing. Moreover, more impor-
tant than the validation of reflectivity values measured by a radar, disdrometer observa-
tions of drop-size distribution are used to derive relationships between radar reflectivity
and rainfall rates (Z-R relationships). The biggest difficulty when one compares dis-
drometer and Radar measurements is the mismatch between the sensing area of a
disdrometer (∼ few cm2) and a radar pixel (∼km2). It would be interesting to point this
out here.

Page 5 Lines 5-15: The authors describe the principle of operation and list sources of
biases in the instruments. One missing source of biases in laser disdrometers is the
uneven power distribution across the laser beam as described by Frasson et al. [2011].
Please consider adding it.
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Page 9 Lines 2-4: “Missing values were found in all disdrometers and can be attributed
to technical issues (power supply failures, data communication problems, or spurious
measures), being Ott PARSIVEL2 disdrometers the ones with the highest number of
missing values.” I worked with Thies disdrometers quite a few years back. During my
data acquisition campaign, I had several records showing rainfall when in fact there was
no rain. Did you experience such events? Could such “phantom” events be a cause for
some of the “missing PARSIVEL data”, in which case it wouldn’t be rain missed by the
PARSIVEL unit, but rather a problem in LPM?

Page 9 Lines 15-20: It is interesting to see that for KE only, T1, T2, and P1 showed
remarkable agreement until October 2014, when suddenly T2 steeply increased its
KE and caught up to P2. The pattern is different for cumulative rainfall, which shows
more similarity in instruments of the same type and showed that the difference between
Thies and Parsivel measurements increased gradually. Were there any anomalies in
T2’s measurements of velocity in November or December 2014? This figure deserves
a bit more discussion. This event is likely a good candidate to be shown on its own,
alongside the other events in figure 3.I find it quite interesting that before this event,
there was a bias in volume measurements, but not in KE among three of the four
disdrometers. Especially because for this type of instrument, errors in drop diameter
are strongly correlated with velocity errors. As a minor comment, the text discusses
instruments in terms of T1 and T2, P1, P2, but the figure labels them as Par1, Par2,
Th1, Th2. It might be best to make the names more consistent.

Page 10 Line 7: “These particles, as well as relatively large ones with low falling ve-
locities, seem to be filtered out from the PARSIVEL2 output” Did the authors attempted
to reach out to OTT and ask if there is any filtering of drops based on departures from
expected the velocity-diameter curves? This would be particularly helpful to users who
deploy the instrument in situations when drops are expected to deviate from theoreti-
cal drop size-velocity curves. Figure 10 Line 14: Thies disdrometers recorded a much
higher number of particles NP (a mean difference of 422 vs. 219). What does the
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mean number of particles represent? The mean number of particles across all events?
Considering the magnitudes of the NPs in figure 3, it is difficult to believe that the aver-
age number of drops per event is a couple hundreds. Please consider defining how the
average NP was computed and what it represents (averaging a drizzle and an intense
thunderstorm doesn’t seem to be useful).

Section 3.4 – data filtering. Was the data presented in Figure 2 before or after filtering?

Page 11 lines 26-27: “In brief, PARSIVEL2 tended to underestimate the number of par-
ticles recorded, and tended to record a larger number of bigger particles than Thies. At
the same time, Thies recorded a very large number of small particles that may mask
the amount of bigger particles recorded.” Did you compute rainfall rate from the classi-
fied drop counts (from the matrix that shows drop counts per diameter-velocity class)
or did you use the rainfall rates from the telegrams. It appears that the Thies disdrom-
eter is overestimating the number of small drops in the first diameter class. Could the
authors examine what happened when the rainfall moments (NP, Rainfall rate, kinetic
energy flux, reflectivity, etc) are computed without considering the first class of drops?
Knowing that the Parsivel disregards the first two classes due to noise induced by the
power supply (as pointed out in the discussion), it would be fair to compute rainfall
moments for the Thies also without considering the first two classes. Furthermore, if
the authors compute the moments themselves, they might be counting classes that
the Thies manufacturer already disregards. By no means I suggest replacing all plots,
however, it would be interesting to add to the cumulative rainfall and KE in the begin-
ning of the Results section computed with and without filtering the first two classes of
the Thies disdrometer. The authors mention in the discussion the following sentence
(Page 13, lines 13-14): “When PSVD data were filtered, considering only particles with
diameters greater than 0.3 mm, these differences were reduced although the tendency
remains and increases for high intensity rains.”

However, I could not find the recomputed totals or to know for sure if figures such as
figure 2 showed rainfall totals after excluding the Thies’ first diameter class.
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As mentioned by the authors in the discussion, two further causes for differences in
the drop counts may be related to turbulence and splashing. Due to the Thies bulky
electronics enclosure, this instrument might be especially susceptible to splashing and
to turbulence induced errors (please see [Constantinescu et al., 2007] for an evaluation
of turbulence effects on tipping buckets). Particularly at high intensity events, splashing
from the Thies electronics case could be producing droplets that end up falling inside
its sensing area. The Parsivel heads are less bulky and have a protection to decrease
splashing (although I’m sure it still happens). I’m eager to see a future study employing
high speed video to examine the occurrence of splashing and possible effects on the
data.

Technical corrections

Page 2 Line 10: you could also add interactions of rainfall with crop and forest canopies
[Frasson and Krajewski, 2011; Nanko et al., 2004; Nanko et al., 2013]. Page 2 Line 17:
“helping developing better sensors” please consider changing to “helping the develop-
ment of better sensors”. Page 2 Line 21: “radar reflectivity or rainfall kinetic energy” I
suggest replacing the “or” with a comma. Page 2 Lines 21-22: “rain rate, liquid water
content, radar reflectivity or rainfall kinetic energy, among others, can also be calcu-
lated from PSD moments”

Aren’t the rain rate, radar reflectivity, kinetic energy flux et al DSD moments themselves
instead of quantities “calculated from DSD moments”?

Page 2 Lines 29-30: “Pressure disdrometers, however, can only measure the PSD”:
Impact based and pressure disdrometers cannot directly measure particle size distri-
bution. As the authors mentioned in the beginning of the sentence, such disdrometers
measure impact (a discussion on whether they see kinetic energy or drop momentum
can be found in Licznar et al. [2008]). In order to estimate the PSD, the velocity of the
hydrometeors is taken from theoretical terminal velocity curves. I believe that this is
what the authors referred to here. Please rephrase.
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Pages 2-3 Lines 30-33: More recent disdrometers are based in optical principles
(Löffler-Mang and Joss, 2000), either from the occlusion of a laser light beam between
an emisor and a receptor device produced by the particle passing through; or based
on light scattering measurements from particles passing through the light beam.

I suggest rephrasing the first part of the sentence to something along the lines of:
“the occlusion of a light or laser beam between an emitter and a receiver or between
an array of emitters and receivers caused by the passing of a particle through the
disdrometer’s sensing volume”. This would include the working principle used by the
two dimensional video disdrometer.

Page 3 Line 24-25: “more accurate disdrometers such as the 2DVD, the JWD, or by
taking a pluviometer as a reference.” I suggest replacing “more accurate disdrometers”
with “other disdrometers”. Although there is literature supporting the claim of higher
accuracy of the 2DVD, I’m unsure if it is fair to claim that JWD is more accurate than
the LPM and Parsivel, especially when measuring DSD.

Page 3 Lines 28-29: “with the results obtained linked to the purchased PARSIVEL
version of the time, with its drawbacks” I did not understand it. Please rephrase.

Page 4 Line 11: “if conclusions drawn from measurements made with these two dis-
drometers want to be compared” Please consider replacing want by another verb.
Maybe are?

Page 4 Line 12: “This study aims at comparing the” Aims to compare?

Page 5 Line 11: “Correct measurements are also limited to one input point” I didn’t
understand this. Please rephrase.

Page 6 Lines 21-22: “PARSIVEL2 disdrometers detect raindrops from 0.25 mm of
diameter.” This is redundant with the previous line. I suggest deleting it.

Page 7 Line 29: “plOtting" Please fix the typo, where O appears capitalized.
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Page 9 Line 8: “a highest sensitivity of Thies disdrometers” I believe this should read
“higher sensitivity” as opposed to the superlative highest.

Page 11 Line 20: “The differences between disdrometer types were similar at different
rainfall intensitites” This is a bit confusing. Please consider rephrasing. Were the
differences between disdrometer types homogenous with respect to rainfall intensities?
Page 11 lines 22-23: “During minutes with rainfall intensity higher than 10 mm h−1, for
instance, NP was almost nine times higher for Thies than for PARSIVEL.”

This sentence makes me believe that the difference between instruments was not ho-
mogeneous among different rainfall rates. I’m a bit confused here.

Page 13 line 15: “Frasson et al. (2011) and ? also noted the same result.” I believe the
question mark was a typo or a problem with the citation program. Please fix.

Page 13 lines 23-22: “previously noted by citetupton2008 and shown by our results.”
Typo here. Please fix.

Page 13 line 25: “PARSIVEL manufacture recognized. . .’ I believe this should read
PARSIVEL manufacturer recognized. . .
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