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Comments and answers to the Referee #2

Thank you for your careful reviews and comments to improve the quality of the
manuscript. We really appreciated all yours relevant comments. All suggestions are
commented bellow, the paper now is more complete and the main subject is better
addressed. Besides, the manuscript was revised by a professional language editor.

(I) Comments from Referee

1) Page 18880, line 8: “instability degree” should be “degree of instability”. Note that
C9930

this type of poor language discussion was observed throughout the paper, which made
it very difficult to understand the significance of the results.

2) Page 18880, line 14-15: “investigation” would be more appropriate than “clarifica-
tion”

3) Page 18881, line 9: Which aerosols act as CCN? The BBA? Please be specific

4) Page 18881, line 9: “high concentration” would be more appropriate than “great
formation”

5) Page 18881, line 11: Doesn’t polluted environments impact the collision and coales-
cence process limiting the ability to form precipitation size particles?

6) Page 18881, line 14, “observations” instead of “evidences”

7) Page 18881, line 15-16: What do the authors mean be essential factor? Do you
mean this is the primary mechanism for precipitation generation during high BBA con-
ditions? If so, please clarify

8) Page 18881, line 18: “convective, ice phase clouds”

9) Page 18881, line 26: “content”

10) Page 18881, line 28: “understanding” would be more appropriate than “clarifica-
tions”

11) Page 18882, lines 1-7: This discussion is not coherent. It seems like the authors
want to explain that the study will focus on understanding the relationship be between
BBA variability in the Amazon and physical attributes (size, duration, etc.) precipitating
cells This needs to be rewritten to provide a better understanding of the goals of the
study

12) Page 18882, lines 20-21: Please be specific on what the MAAP instrument mea-
sures
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13) Page 18882, line 27:”ice nucleation impacts on the cloud . . .”

14) Page 18883, line 4: “. . .CCN in mixed phased clouds have been shown to corre-
spond to BC concentrations?”

15) Page 18883, line 10: What do you mean by “international negotiations”?

16) Page 18883, lines 11-28: a) The description of the radar data is very poorly written
and very confusing. Details are as follows: b) What is detection domain? Is it a sam-
pling area? c) What is characterizing screening effects? Is it beam blocked sectors?
d)What is clutters? Is it ground clutter? e) What is identifications? Do you mean inves-
tigations? f) Why mention that you didn’t use the initial VPR if you used the physically
based method by Kirstetter et al. (2013)? If you mention the original VPR method,
it must be described. g) What is the reflectivity data extrapolated to a CAPPI on the
surface? This radar processing discussion needs significant amount of clarification

17) Page 18883, line 29: How is VIC calculated? It was not defined in the paper

18) Page 18885, line 3: “temporal sampling frequency” sounds more descriptive than
“same sampling time”

19) Page 18885, lines 9-10: This sentence is very confusing. Do the authors mean that
the high frequency sampling of the EUCARRI datasets provides adequate observations
for the study?

20) Page 18885, line 17: How were RF and IRF normalized? Please define The RF and
IRF were normalized by their annual mean and standard deviation in order to compare
both annual cycles.

21) Page 18885, lines 25-26: Doesn’t the “frequency” of intense precipitation increase?
Yes, the word frequency was added to the manuscript.

22) Page 18886, lines 1-2: This sentence doesn’t make sense. Do the observations
indicate that as the large scale precipitation decreases in area, the convective intensity
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increases?

23) Page 18886, lines 3-14: An elevation rise of 160 m seems very small to generate
significant orographic precipitation. Are the authors positive this increase in reflectivity
over this terrain feature is not an enhancement due to ground clutter? The authors
need to demonstrate that this is an enhancement of convective activity. How far is the
feature from the radar? Please provide more detail

24) Page 18887, lines 1-13: This discussion is poorly formulated. Please just state the
test. As mentioned before, the impact of terrain needs to be further explored

25) Page 18888: lines 6-8: What do the authors mean by this statement? Suppression
of stratiform and convective rain occurs in stable conditions?

26) Page 18888, line 13: “grow” is better than “grow up”

27) Page 18888, lines 20-29 to pages 18889, lines 1-5: This discussion is not coherent.
What test was applied? What opposite affect exists? What do you mean by punctual?
Did this test exclude all precipitation that was observed over the EUCAARI site? If so,
why? This discussion needs to be written to understand the test and outcomes of the
testing of this hypothesis

28) Page 18889, line 8: what does “spread out” mean? Does it mean increase in a real
extent?

29) Page 18889, line 17: What does “stretching” mean?

30) Page 18889, line 22: How was IF index calculated?

31) Page 18890, lines 14-19: This discussion of duration analyses is very confusing.
Why was it inclusive? Are the authors trying convey that cells inside the study area pro-
vide no useful information, but all cells, except for merger and splits, provide interesting
statistics? If so, please explain why?

32) Page 188891: lines 25-26: Couldn’t the increase in rain cell sizes be a coincidence

C9933



even though there positive relationship with increase in BC? This relationship needs to
be investigated further even though the results are statistically significant

33) Page 18891, lines 16-18: What does “. . .throughout theoretical simulations which
are not completely parameterized” mean?

34) Page 18891, line 20: “stratification” seems more appropriate than “component”

35) In Figs 4 and 5, the change in RF and IF for different BC concentration is very small
(âĹij1 % or less). Are these changes meaningful? Does that represent an observable
difference that could be physically observed?

(II) Author’s Response

1) The change was made in the entire manuscript, which went through an English
review by a specialist.

2) The word was changed.

3) The word “aerosol” was changed to “BBA”

4) We agree, the change was made.

5) Yes, this behavior associated to the capacity of warming the atmosphere by BBA
is responsible for the decreasing the formation of precipitation size particles, in warm
clouds case.

6) The word was changed.

7) By the results found in the literature, and also in this manuscript, it is not possible to
state that the ice phase is an essential factor in the aerosol-precipitation relationship.
However, the ice phase is one of the important factors. So, we agree that the sentence
should be modified for a better understanding. Following is the new sentence...

8) The change was made.

9) The word was corrected
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10) We agree, the change was made.

11) We agree that this discussion is not coherent in the manuscript. So, this discussion
was modified.

12) The Section 2 was rearranged for a better understanding. The MAAP instrument
measures BC concentrations every minute, making 30 minutes averages, which was
used in this research. 13) The text was modified for a better understanding.

14) No, part of the CCN found in mixed phased clouds corresponds to BC concentra-
tions. This phrase is in the manuscript to highlight the importance of BC concentrations
regarding to nucleation and also to give support to the use of it as an aerosol tracer.
However, we do agree that the sentence is not clear and it was modified.

15) This sentence was removed from the manuscript

16)

a) The radar data processing has been rewritten for a better clarification.

b) The detection domain of the radar is the area actually sampled by the radar, which
is constrained by both the surrounding relief and vertical structure of precipitation.
Ground clutters and beam blockage limit the detection domain. The vertical extent
and heterogeneity of precipitation have also an impact, e.g. shallow precipitation can
remain undetected if below the radar beam.

c) Partial or complete beam blockage characterizes screening effects. It is evaluated
for each elevation angle.

d)Correct. It was corrected in the document.

e)Identification techniques are implemented to dynamically determine ground clutter
and rain type as well as the corresponding vertical profiles of reflectivity.

f)The methods proposed to identify the VPR can be classified into four categories: (i)
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the direct estimation of the VPR from measured volume reflectivity data (e.g., Germann
and Joss 2002), (ii) the numerical identification of the VPR from the comparison of the
radar data at different distances and altitudes to account for sampling effects (Andrieu
and Creutin 1995; Andrieu et al. 1995; Vignal et al. 1999; Borga et al. 2000; Seo et
al. 2000; Kirstetter et al. 2010), (iii) the synthesis of the VPR with a few parameters
(Kitchen et al. 1994; Tabary 2007) and (iv) the physically-based identification where
models of vertical profiles are fitted to the radar observations (Kirstetter et al. 2013).

The TRADHy strategy described by Delrieu et al. (2009) involves the method proposed
by Kirstetter et al. (2010), which falls in the second category. TRADHy was modified in
the present study to accommodate the approach described in Kirstetter et al. (2013).

In fact the above-mentioned VPR identification methods are not always able to cope
with VPRs temporal and spatial fluctuations. For example, Kirstetter et al. (2010)
showed the improvement gained by filtering the beam-sampling effects in the VPR
estimation relative to an apparent VPR directly derived from measured reflectivity data
and differently affected by the range influence. A difficult radar measurement context
(mountainous areas) shows the limits of the VPR identification used within the TRADHy
software (Delrieu et al. 2009). A statistical control is applied on the variations of the
VPR components about their a priori values. In case of strong or noisy fluctuations in
the observations, the statistical control of the variations of the VPR components about
their a priori values through a matrix of covariance (Vignal et al. 1999; Kirstetter et al.
2010) may be not robust enough to prevent getting physically unrealistic VPRs. In order
to enhance the robustness of the method and the physical realism of the retrieved VPR,
the method in Kirstetter et al. (2013) bases on a modeling of the physical properties
of the hydrometeors (size distribution, shape, phase, electromagnetic properties, etc.)
contributing to the VPR features. The VPR is identified from the comparison of the
radar data at different distances and altitudes to account for sampling effects. A rain-
typing algorithm is used for an a priori separation of convective and stratiform regions
within the rain field (Delrieu et al. 2009). g)For each radar pixel, the VPR is used to
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project measured reflectivities onto the ground level. This reflectivity field can be seen
as a CAPPI at the ground level.

References for this question

Delrieu, G., B. Boudevillain, J. Nicol, B. Chapon, P. E. Kirstetter, H. Andrieu, and D.
Faure, 2009: Boll ene 2002 experiment: Radar rainfall estimation in the Cevennes–
Vivarais region. J. Appl. Meteor. Climatol., 48, 1422–1447 Kirstetter, P. E., H. Andrieu,
G. Delrieu, and B. Boudevillain, 2010: Identification of vertical profiles of reflectivity
for correction of volumetric radar data using rainfall classification. J. Appl. Meteor.
Climatol., 49, 2167–2180. Kirstetter, P.E., HervéAndrieu, Brice Boudevillain, and Guy
Delrieu, 2013: A Physically Based Identification of Vertical Profiles of Reflectivity from
Volume Scan Radar Data. J. Appl. Meteor. Climatol., 52, 1645–1663. Germann, U.,
and J. Joss, 2002: Mesobeta profiles to extrapolate radar precipitation measurements
above the Alps to the ground level. J. Appl. Meteor., 41, 542–557. Andrieu, H.,
and J. D. Creutin, 1995: Identification of vertical profiles of radar reflectivity using an
inverse method. Part I: Formulation. J. Appl. Meteor., 34, 225–239. Andrieu, H., G.
Delrieu, and J. D. Creutin, 1995: Identification of vertical profiles of radar reflectivity
using an inverse method. Part II: Sensitivity analysis and case study. J. Appl.Meteor.,
34, 240–259. Bellon, A., G. W. Lee, and I. Zawadzki, 2005: Error statistics of VPR
corrections in stratiform precipitation. J. Appl. Meteor., 44, 998–1015. Vignal, B., H.
Andrieu, and J. D. Creutin, 1999: Identification of vertical profiles of reflectivity from
voluminal radar data. J. Appl. Meteor., 38, 1214–1228. Borga, M., F. Tonelli, R. J.
Moore, and H. Andrieu, 2000: Longterm assessment of bias adjustment in radar rainfall
estimation. Water Resour. Res., 38, 1226, doi:10.1029/2001WR000555. Seo, D. J., J.
P. Breidenbach, R. A. Fulton, D. A. Miller, and T. O’Bannon, 2000: Real-time adjustment
of range-dependent bias in WSR-88D rainfall data due to nonuniform vertical profile of
reflectivity. J. Hydrometeor., 1, 222–240. Kitchen, M., R. Brown, and A. G. Davies,
1994: Real-time correction of weather radar data for the effects of bright band, range
and orographic growth in widespread precipitation. Quart. J. Roy. Meteor. Soc., 120,
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1231–1254. Tabary, P., 2007: The new French operational radar rainfall product. Part
I: Methodology. Wea. Forecasting, 22, 393–408.

17) A description of VIC calculation was added to the manuscript.

18)The change was made in the manuscript.

19) Yes, but in this sentence we just intended to clarify that we used BC concentrations
in the closest time to the radar data. As this sentence was confusing, it was modified
and simplified.

20)The RF and IRF were normalized by their annual mean and standard deviation in
order to compare both annual cycles.

21)Yes, the word frequency was added to the manuscript.

22) We agree that this explanation is confusing in the manuscript. The results indi-
cate that in the dry period, when the large scale precipitation decreases in the study
area, most of precipitation in the area is related to intense convection. However, the
increase of IRF is not due to the decrease of RF. The high IRF frequency observed is
linked to the fact that most of intense convection occurs over elevated areas during the
dry period, as shown in Fig. 2 in the manuscript. The sentence was modified in the
manuscript.

23)We agree that an elevation rise of 160 m seems small to generate precipitation.
However, Laurent et al. (2002) showed that the initiation of Convective Systems over
the Amazon can occur even over smaller elevations (around 100 m). We generated a
histogram (Figure 1a) of the distances from the radar for the last two terrain elevations
bins, centered in 138 and 162 m. Then, the statistics are linked to elevations greater
than 126 meters. These two bins are exactly those which presented peaks of reflec-
tivity around 30 dBZ in the dry period. It can be noted that the closest “relatively high”
elevation (>126 meters) is around 60 km distant from the radar. At this distance, the
lower radar elevation band is around 1 km high (Figure 1b). This behavior eliminates
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the possibility that the peaks of reflectivity over terrain elevations greater than 126 me-
ters are due to ground clutter. However, we agree that this discussion is very important
and it was added to the manuscript.

Reference to this question: LAURENT, H.; MACHADO, L. A. T.; MORALES, C. A.;
DURIEUX, L. Characteristics od the Amazonian mesoscale convective systems ob-
served from satellite and radar during the WETAMC/LBA experiment. Journal of Geo-
physical Research, v. 107, n. 20, 2002.

24) This test was performed in order to verify if the topography influence on precipi-
tation in the study domain would lead to misinterpretations regarding to the aerosol-
precipitation relationship. However, we do agree that the text should be modified for
a better understanding. We also changed the position of this test explanation in the
manuscript. For a better interpretation, the description will be collocated after the re-
sults regarding to RF and BC concentrations

25)Strong convection is not likely to happen in stable atmospheres. We expect that
just shallow clouds to form in this conditions. Then, the decrease of RF observed for
high BC concentrations in the wet period probably are related to warm and stratiform
clouds.

26)The change was made in the manuscript.

27)This discussion was modified in to facilitate the understanding.

28) Yes. However, this sentence was changed for a better understanding. The sen-
tence was modified.

29)We used this term in order to clarify that high CAPE values are linked to stronger
updrafts, then, related to the severity of the convection. However, the sentence was
modified for a better understanding.

30) The text was modified.
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31)The analysis regarding to the precipitating cells duration was inconclusive due to
the fact that the calculation of life cycle duration is based in the detection of the rain
cell in a sequence of radar images. Therefore the total number of rain cell is much
larger than the number of life cycles of the rain cells. Also, when we considered just
systems which have not slip or merge during their life cycle, there is a considerable
reduction on the life cycles. This reduction did not lead us to divide the analyses in the
same BC concentration categories as we did for the entire article, and the results were
not statistically significant. As we were trying to understand the relationship between
the cells duration and BC concentration in the radar domain, the analyzed systems
could not be result of merge or split. When a precipitating system merge with another
system, for example, the individual physical characteristics of each cell are modified.
In this case, the result system could be stronger or weaker the previous, affecting its
duration. This modification probably is not related to pollution, but to dynamics of the
systems. The same behavior could happen with split systems. We agree that this
discussion should be in the manuscript.

32)Based on the previous results showed in this research, where we found a convec-
tive invigoration in polluted and unstable atmospheres, the rain cell sizes increase do
not seem to be a coincidence. The convective invigoration is probably due to stronger
updrafts inside the rain cells, which transport aerosols and cloud droplets to the freez-
ing level. These droplets and aerosols could act as ice nuclei and after the freezing
process release more latent heat, which in turn increase the updrafts and strength
convection. So, the dynamic and thermodynamic involved in the convective invigora-
tion process gives support to the development of bigger rain cells. Then, the results do
not seem to be a coincidence, but have a physical connection between them.

33) At this point, we are trying to explain that that filtering the aerosol effect from other
atmospheric features is very difficult throughout observational data. This issue could
be better faced in modeling studies. However, as the aerosol effect is still a source of
debate as its effect on precipitation still need more clarifications, the models are not
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completely prepared to simulate this relationship.

34) We preferred to add the word “filtering” before component, resulting in “filtering
component”.

35) We agree that the mean RF and IF differences observed in Figures 4 and 5 are
around 1%. However, the frequency histograms (Figures 4 and 5 c/d) were constructed
to verify if these means were significantly different. We concluded that the first and third
curves are significantly different at 95% by t test. The tail of the distributions varies from
lower to higher BC concentrations, for both, stable and unstable conditions.

(III)Author’s Changes

1) “The results indicate that the aerosol influence on precipitating systems is modulated
by the atmospheric degree of instability.”

2)“However, due to the limitation imposed by the dataset used, certain important fea-
tures such as the clarification of importance of each mechanism in the rainfall suppres-
sion need further investigation.”

3) “The suggested indirect effect mechanism for warm rain suppression is related to
the fact that BBA could act as cloud condensation nuclei.”

4) “A high concentration of small cloud droplets occurs in polluted environments
(Rosenfeld, 1999; Ramanathan et al., 2001; Nober et al., 2003; Andreae et al., 2004;
Qian et al., 2009), which compromises the coalescence process (Kaufman et al.,
2005). These droplets do not reach the required size in order to precipitate and can
rapidly evaporate (Artaxo et al., 2006).”

5) “The suggested indirect effect mechanism for warm rain suppression is related to
the fact that BBA could act as cloud condensation nuclei. A high concentration of small
cloud droplets occurs in polluted environments (Rosenfeld, 1999; Ramanathan et al.,
2001; Nober et al., 2003; Andreae et al., 2004; Qian et al., 2009), which compromises
the coalescence process (Kaufman et al., 2005). These droplets do not reach the
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required size in order to precipitate and can rapidly evaporate (Artaxo et al., 2006).”

6) “Based on the observations of warm rain suppression over regions with forest fires,
Diehl et al. (2007) suggested that the ice phase could be an important factor in the rain
process.”

7) “Based on the observations of warm rain suppression over regions with forest fires,
Diehl et al. (2007) suggested that the ice phase could be an important factor in the rain
process.”

8) “In recent years, some studies have suggested that ice phase clouds are invigorated
by the presence of aerosols from vegetation fires (Andreae et al., 2004; Lin et al., 2006;
Rosenfeld et al., 2008; Altaratz et al., 2010; Koren et al., 2012; Storer and Heever,
2013).”

9) “Over a certain time, the cloud accumulates higher liquid water and ice contents,
favoring more intense rainfall rates and increasing electrical activity (Graf, 2004).”

10) “However, even with this evidence, the cloud invigoration process by aerosols still
needs to be better understood (Altaratz et al., 2014).”

11“Although well documented, especially in recent years, the BBA effect on clouds
and precipitation is still a source of debate in the scientific community. One of the most
important issues is related to filtering the aerosol-precipitation relationship from other
dominant atmospheric components. In order to reach this goal, this study presents a
new methodology which is based on the atmospheric degree of instability. The possibil-
ity of using ground based measurements has the potential to contribute to the present
scientific knowledge of the BBA influence on precipitating cells in the Amazon region.
Rain, ice content, size and duration of precipitating systems retrieved from a S-band
radar were evaluated as function of black carbon concentration over the largest Ama-
zon City (Manaus, Amazonas state, Brazil).”

12) “Black Carbon (BC) concentrations from the experiment European Integrated
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Project on Aerosol Cloud Climate and Air Quality Interactions (EUCAARI), with a sam-
pling time of 1 min and averages every 30 min. The EUCAARI experiment used the
Multi-Angle Absorption Photometer (MAAP) instrument (Slowik et al., 2007) and col-
lected data 50 km away from Manaus city. The BC concentrations were used in the
study as an aerosol tracer;”

13) “In addition, BC has received attention by the scientific community due to its poten-
tial for ice nucleation, which would affect the cloud microphysical properties (Cattani et
al., 2006; Cozic et al., 2008). The supersaturation required for ice formation decreases
with the presence of BC (DeMott et al., 1999). Cozic et al. (2007) found that a portion
of the cloud droplet nuclei presented in mixed phase clouds are BC. Therefore, due to
its potential for ice nucleation, the presence of BC would favor the development of ice
phase clouds, including deep convection. Another important aspect related to BC par-
ticles is their capacity to absorb radiation in the visible portion of the electromagnetic
spectrum (Ramanathan et al., 2001; Storelvmo, 2012; Tiwari et al., 2013; Ahmed et
al., 2014). This characteristic could warm the layer where BC is present (Myhre, 2009;
Mahowald, 2011; Jones et al., 2011; Wake, 2012; Wang, 2013), which in turn could
also affect the cloud properties and precipitation.”

14) “Cozic et al. (2007) found that a portion of the cloud droplet nuclei presented in
mixed phase clouds are BC.”

15) This sentence was removed from the manuscript

16) a) “The S-band radar data were processed following the TRADHy strategy (Del-
rieu et al. 2009), briefly described hereafter. A preliminary quality control of the radar
data was performed, and the radar calibration was checked throughout the year of
2009. The area actually sampled by the radar was determined for each elevation angle
with characterizing partial or complete beam blockage and ground clutters. Rain types
and the corresponding vertical profiles of reflectivity (VPR) were dynamically identi-
fied. Regarding the VPR identification, the initial method used in TRADHy performs a
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numerical identification of the VPR from the comparison of the radar data at different
distances and altitudes to account for sampling effects (Kirstetter et al., 2010). In the
present study the physically-based approach described by Kirstetter et al. (2013) was
used for enhanced robustness to identify a representative VPR over the radar domain
for a given precipitation type. Corrections for both clutter and beam blockage were per-
formed along with a projection of measured reflectivities onto the ground level using
rain-typed VPRs. At a given pixel, reflectivities from all available elevation angles were
used for the projection. The projected radar reflectivity to a constant altitude plan at the
same elevation as the radar was called the Constant Altitude Plan Position Indicator-
Ground (CAPPI-Ground). The Vertical Ice Content (VIC) for each pixel of the radar
images was also calculated. The method described in Kirstetter et al. (2013) is based
on a modeling of the physical properties of the hydrometeors (size distribution, shape,
phase, electromagnetic properties, etc.) contributing to the VPR features. In particular
the model for the ice phase above the freezing level allows for the computation of the
Vertical Ice Content (VIC). The identified VPR is then associated to a model for the
ice phase, which is used to compute the VIC at each pixel alongside the projection of
reflectivity at the surface.”

b) No changes in the manuscript.

c) No changes in the manuscript.

d) “The area actually sampled by the radar was determined for each elevation angle
with characterizing partial or complete beam blockage and ground clutters.”

e) No changes in the manuscript.

f) No changes in the manuscript.

g) No changes in the manuscript.

17) “The Vertical Ice Content (VIC) for each pixel of the radar images was also calcu-
lated. The method described in Kirstetter et al. (2013) is based on a modeling of the
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physical properties of the hydrometeors (size distribution, shape, phase, electromag-
netic properties, etc.) contributing to the VPR features. In particular the model for the
ice phase above the freezing level allows for the computation of the Vertical Ice Con-
tent (VIC). The identified VPR is then associated to a model for the ice phase, which
is used to compute the VIC at each pixel alongside the projection of reflectivity at the
surface.”

18) “As presented previously, the datasets did not have the same temporal sampling
frequency.”

19) “The BC concentrations, from the EUCAARI measurements, used were those
which had the closest sampling time to the radar data. These considerations allowed
us to combine the variables described in order to understand the aerosol effect on
precipitation in the Amazon Basin.”

20) “The RF and IRF were normalized by their annual mean and standard deviation in
order to compare both annual cycles.”

21) “The frequency of intense precipitation increases, mainly toward the end of the dry
season, is related to the reduction in the inversion layer and an increase in CAPE and
moisture due to the monsoon circulation (Machado et al., 2004).”

22) “This result indicates that in the dry period, when large scale precipitation de-
creases in the study area, most of the precipitation is linked to intense convection,
which mainly occurs over elevated areas.”

23) “It is important to mention that the two last categories of elevations presented in
Fig. 2 are more than 60 km from the radar. At this distance, the lower radar elevation
band is around 1 km high, which eliminates the ground clutter effect possibility.”

24) “As mentioned (Sect. 3), the terrain elevation plays an important role in trigger-
ing precipitation in the region, mainly during the dry season (Fig. 2b). In the statis-
tics presented, no considerations were made in terms of the topography for the BC-
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precipitation relationship. However, to make sure that no considerations were neces-
sary, a relevant test was performed in order to avoid misinterpretations of the conclu-
sions regarding the comparisons between the rainfall characteristics and their associ-
ation with BC concentrations. This test was made in order to verify whether the BC-
precipitation relationship was different for each topography category presented in Fig.
2. So, for each category, we performed the statistical tests previously described, com-
paring RF values for different BC concentrations in stable and unstable atmospheres.
The results for each terrain elevation category were statistically similar to Fig 4. There-
fore, though important for triggering precipitation, the elevation did not influence the
results related to BC-precipitation comparisons, which allowed us to use all grid points
in our study independently of their elevation.”

25) No changes in the manuscript.

26) “The precipitation decrease could be related to a greater formation of cloud droplets
with reduced size (Rosenfeld, 1999; Ramanathan et al., 2001), compromising the co-
alescence process (Kaufman et al., 2005), not allowing the droplets to grow to the
required size and inhibiting precipitation and increasing evaporation.”

27) “Even apparently not being a dominant effect, an important test was applied in or-
der to understand whether the scavenging process was significant in the study area.
This test was performed because the main objective of this study was to identify the
influence of BBA on precipitation. However, precipitation can also modify BBA concen-
trations in the atmosphere, due to the wet scavenging process. As mentioned previ-
ously, the BC measurements were made in situ, around 50 km from the city of Manaus,
in the state of Amazonas. Thus, the concept of this test was based on eliminating from
our statistics all samples whose precipitation was observed over the EUCAARI site.
This elimination excluded the samples whose precipitation could have cleaned the at-
mosphere, throughout the scavenging process. After this, all the comparisons between
the RF and BC concentrations were performed. Comparing the results when this cri-
terion was utilized with those in which no aerosol wet scavenging consideration was
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performed, no significant differences were observed. This characteristic indicates that
the local scavenging effect seems to be of a second order on the BC/rain interaction.
However, this test does not take into account the reduction of BC sources outside the
measurements site due to rainfall. Therefore, it is not possible to separate the scaveng-
ing effect from other physical effect associating reduction of rainfall to the increase in
BC concentration, even if locally the scavenging effect seems to be of a second order.”

28) “The precipitation appears to spread over the region when the atmosphere is fa-
vorable to the development of convection associated with BBA.”.

29) “Considering that high CAPE values are associated with stronger updrafts, the
aerosol effect on the rainfall and in the severity of the convective processes could
depend on the intensity of the vertical motions.”

30) “In order to understand whether the amount of cloud ice is influenced by the pres-
ence of high BBA concentrations, the IF index was calculated based on Eq. 3”.

31) “The RF-IF/BC analyses were useful in order to understand the increase/decrease
in precipitation or ice fraction over the entire radar coverage area. However, they do
not give information on the space and time scale organization of the rainfall. In order
to evaluate whether BBA change the lifetime duration of the rain cells, FORTRACC
was employed. At first, rain cells which were the result of splitting or merging were
eliminated in the statistics for the duration analysis. This was done due to the fact that
precipitating cells which are the result of splitting or merging have their physical char-
acteristics modified, influencing the duration and compromising the evaluation of the
BBA effect on them. In addition, rain cells which do not have their entire lifecycle inside
the radar domain were not considered, as it was is not possible to know the duration of
a rain cell which did not initiate and dissipate inside the radar domain. After this step,
the number of rain cells whose lifecycle would be analyzed was drastically decreased.
The result showed no significant change in the lifetime duration as a function of BBA.
Unfortunately, the lifecycle rain cells population was not statistically significant after all
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these considerations. However, the study of the rain cell size distributions does not
require any of these limitations, and all rain cells, regardless of whether they had their
entire life cycle inside the domain region, can be taken into account.”

32) No changes in the manuscript.

33) No changes in the manuscript.

34) We preferred to add the word “filtering” before component, resulting in “filtering
component”.

35) No changes in the manuscript.
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Fig. 1. (a) Frequency histogram of distance from the radar of elevations greater than 126
meters; (b) Cross section of the volumetric scan strategy for the S-band Radar in Manaus.
Each colored band represents
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