Referee comment: 1) Title: “Direct” seems unnecessary. Perhaps better replaced by
“Ground-based”? Also, “molecular clusters” seems inappropriate. Perhaps “particle
ions”?
Reply: we thank the referee for the valuable suggestion for the title. We agree that
‘’Ground-based’’ suits the content of the paper better than ‘’direct’’. We would like
to keep ‘’molecular clusters though, since with the instrumentation used in our work,
we are able to measure down to the molecular cluster level.
Referee comment 2) Line 38 – “Pristine” is used here and in a few other places. It
needs to be defined.
Reply: we agree with the reviewer that an explanation of pristine in our manuscript
is missing. We added the following sentences in the revised manuscript:
Line 38 and following; ‘The occurrence of NPF on ground level in the Amazon region has not
been observed previously in pristine conditions. In this work, pristine refers to CCN concentrations
of a few hundred cm-3.’

Referee comment 3) Lines 40-42 - Define the sites as locations relative to Manaus,
much as you did on lines 80-83. You can’t expect all readers to identify with T0t and
T3.
Reply: We agree with the referee that a description of the measurement locations is
missing at this point of the manuscript.
We changed the sentence in the revised manuscript as follows, line 40-45: We
measured the variability of air ion concentrations (0.8–20 nm) with an ion spectrometer between
2011 and 2014 at the T0t site and between February and October 2014 at the GoAmazon 2014/5 T3
site. The T0t site is surrounded by dense rainforest, mostly unaffected by the Manaus pollution
plume. The T3 site, instead is an open pasture site, 70km downwind of Manaus.

Referee comment 4) Lines 43-44 – “T0t is reached by the pollution about 1 day in 7,
where the T3 site is about 15% of the time affected by Manaus.” The statement
implies a difference between T0t and T3, but 1 in 7 is 14%, which is not different
from 15%. What are you trying to say here?
Reply: We agree with the referee that here the numbers are similar and the sentence
is confusing. We were trying to point out the differences between the two
measurement sites. The T0t site is parallel wind to the Manaus pollution plume,
where the T3 site is downwind of the Manaus pollution plume. We discussed the
numbers again. Based on AMAZE-08, we concluded T0t is affected about once a
week (Martin et al. 2010 (in Supp Material) T3 gets influenced between once every
day and once every two days for a few hours, especially in the afternoon (de Sa et al.
2017, Thalman et al. 2017). We rephrased the sentence to, line 47-50: ‘T0t is
influenced by pollution about once per week, where T3 on the other hand is reached once per
day/once per every second day, especially in the afternoon (Martin et al., 2010b supplementary
material, Thalmann et al, 2017, de Sa et al, 2017).’

Referee comment 5) Lines 59-60 – This sentence is not useful. Also, you state in the
paper that the back trajectories in both cases pass over Manaus. Does not the
source strength of Manaus even out other differences in the trajectories? Your last
sentence of the conclusions is that “Most likely, during the dry season the
condensation sink is too high for new particle formation.” That appears to be the
main factor that differentiates between the NPF and non-NPF days. Why is that not
mentioned in the abstract?
Reply: We agree with the referee that the difference in the condensation sink
between NPF and non-NPF is a major finding in our manuscript and should be in the
abstract. We also think that the difference in the back trajectories is a relevant
difference; therefore, we want to keep the statement in the abstract.
We changed the last sentence of the abstract in the revised manuscript, line 65-68:
The two major differences between NPF days and non event days are two. A factor of 2 lower
condensation sink on NPF days and different air mass origins for the NPF days compared to non
event days.

We followed the suggestion by Referee 1 and included a new Figure (Fig. 10) in the
revised manuscript, which shows the calculated back trajectories on a map. The map
shows actually that the trajectories on do not pass over Manaus on NPF days.
The sentence ‘Nevertheless, all air masses pass over Manaus before reaching the measurement
site.’ has been deleted from the revised manuscript. The first set of back trajectory
calculations was made without looking at the map, which lead to the wrong
conclusion.
New Figure 10
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Figure 10: median back trajectories for NPF (blue) and non NPF (red) days. The trajectories were
calculated 24hours backwards arriving at 09:00 local time at 500m a.s.l. at the measurement site.

Referee comment 6) Lines 221-222 – You say “The vertical mixing can be enhanced
during the wet season due to convective clouds.” Are you saying that convective
clouds lift the mixed layer or that convective clouds lift particles out of the mixed
layer or something else? Clouds formed at the top of a mixed layer will tend to cool
below, which does not help the development of a mixed layer.
Reply: We agree with the referee that this sentence slightly confusing. We were
trying to say that convective clouds lift particles out of the mixed layer.
We re-phrased the sentence in the revised manuscript, line 289-290: ‘The vertical
mixing can be enhanced during the wet season as particles are lifted out of the mixed layer due to
convective clouds.’

Referee comment 7) Lines 275-279 – This may be true for inside the canopy, but not
for outside the canopy. Please clarify. Also, why would the pattern outside of the
canopy not reflect biomass burning and wet deposition more than that inside the
canopy?
Reply: We do believe that the statement is true for both outside and inside the canopy.
The chapter title in this paragraph. ‘Number concentrations of ions and particles at

the two sites’ includes both measurement sites. It seems like this statement is not fully
clear, so we rephrased the sentence in the revised manuscript as follows, line 361-365:
‘Additionally, the wet and dry seasonality characteristic for the Amazon (Rissler et al. 2006, Martin
et al. 2010a) can be observed in the concentration of the large ions (4-20nm): the local biomass
burning during the dry season seems to increase large ion concentrations, whereas during the wet
season their concentrations are decreased most likely due to wet deposition and reduced source
strengths.’

Referee comment 8) Lines 281-282 - That appears to be true for the wet season, but
the factor is less than 2 during the dry season. Did you mean “up to a factor of 3”?
Reply: we agree with the referee that the statement should be ‘The average concentrations
of 4 – 20 nm particles were up to a factor of 3 higher in comparison to the less polluted site (T0t).’

Referee comment 9) Lines 287-288 – The 4-20 nm ions are not shown in the Figure 2
I have.
Reply: We apologize for the mistake in the manuscript. The Figure has been changed
during the writing process of the manuscript. The sentence has been re-phrased as
follows in the revised manuscript, line 367-368: ‘Figure 2 shows the monthly variability of
particles in two size ranges (0.8-2nm, 2-4 nm) for the 2011-2014 period. The cluster ions had a
median concentration of 814 cm-3 and 968 cm-3 (wet) and 605 cm-3 and 765cm-3 (dry) for negative
and positive ions, respectively.’

Referee comment 10) Line 301 – “Oct-Dec for both seasons”? Oct-Dec is a season
(fall). Specify wet and dry seasons.
Reply: we agree with the referee that this sentence is confusing. We removed the
sentence completely from the revised manuscript. We agree with the referee that the
seasons should be specified in our manuscript. We added a sentence in the Methods
section, line 139-142: ‘Wet and dry season in the Amazon are Dec-March and June-September
respectively (Martin et al, 2010a). Due to the measurement periods available for our dataset, we
define the dry season as dry and transition season Apr-Oct.’

Referee comment 11) Line 305 – On line 214 the dry and transition season is April to
September, whereas here it is Apr-Oct. Please correct.
Reply: this sentence was removed in the revised manuscript. The whole paragraph was
changed following the suggestions of Referee 1.
Line 401-405: ‘These values are comparable, for example, to intermediate and large ion
concentrations found in coastal Mace Head (Vana et al. 2008) outside the periods of rain or active
NPF. In general, the positive cluster ion concentrations are higher in all the cluster ion and
intermediate ion size classes for all the months. Table 2 summarizes the annual concentrations of ions
and total particles for the three size bins.’

Referee comment: 12) Line 311-312 – Cluster ions are not shown in Figure 3. Where
are we supposed to view this?
Reply: this has been removed in the revised manuscript, as we do not present the
Figure in the final manuscript. The paragraph in the revised manuscript was rephrased as follows, line 406-409: ‘Differences between the wet (Dec-Mar) and dry and
transition season (Apr-Oct) were also observed in the diel cycle of the ion and particle concentration.
Positive and negative cluster ion concentrations were, on average, higher during the wet season
compared to the dry season as shown in Table 1.’

Referee comment 13) Lines 321-323 – Again, 4-20 nm ions are not shown in Figure 2
Reply: this has changed in the revised manuscript. The paragraph was re-phrased as
stated in the reply to the previous Referee comment 12.
Referee comment 14) Line 358 – What do you mean when you say that “negative ions
are smaller than positive ions”? Do you mean fewer in number?
Reply: We mean that the negative ions are smaller in size compared to positive ions.
The sentence has been re-phrased in the revised manuscript as follows, line 478-484:
‘Rain-induced bursts are likely a result of a balloelectric effect, in which splashing water produces
intermediate ions such that the negative ions are smaller in size than the positive ions (Horrak et al.,
2005, Hirsikko et al., 2007, Tammet et al., 2009). The duration of the 579 rain events varied from a
couple of minutes to 22 hours, with over half the rain events lasting for two hours or less. The rain
events were more common during the wet season, peaking in August which can be considered as
transition season (Fig. 5) when also the median rain intensity was higher.’

Referee comment: 15) Lines 374-376 and figure 6 – For the ions in the 0.8-2 nm
particles, it looks like they simply turn on at rain intensities above 1.
Reply: We made Figure 6 in order to show the relation between rain intensity and ion
concentrations. At rain intensities below 1 mm/h the ion concentration especially in
the cluster ion size range only contains the natural in background as they are produced
via radon decay or galactic cosmic rays. The background cluster ion band can be
observed worldwide, yet the concentrations depend on the location as it depends on
the sources and sinks for the ions.
Referee comment 16) Figure 7 – Indicate which axis corresponds with which particle
size class in Panel B; presumably, the LH axis is 6-10 nm.
Reply: we agree with the referee that the Figure is confusing. The Figure was changed
to improve the clarity in the revised manuscript.

Figure 7. Example for a rain-induced event for total particles (DMPS). The DMPS measurements are
taken above the canopy (60 m height), NAIS measurements are inside the canopy. Panel (a) shows
the DMPS surface Figure. Panel (b) shows the particles measured by the DMPS for 6-10 nm (black
line, left hand axis) and 10-20 nm (blue line, right hand axis). Panel (c) shows the surface Figure for
the negative ions, measured by the NAIS. Panel (d) shows the negative ion concentrations for 2.5-7
nm in blue and the total particle concentration in the same size range from the NAIS in red with the
scale on the left axis. The pink trace shows the precipitation in mm h-1 on the right axis.

Referee comment 17) Line 379 – “followed by a second one at about 11:00”. Here,
indicate the relative difference in rain intensity.
Reply: The second rain intensity peak was lower than the first one in this example. The
first one was about 40 mm/h and the second one about 10 mm/h. So, the difference
was about 30 mm/h. We added the relative difference in the revised manuscript, line
502-503. ‘Rain events were evident also when looking at the total particle concentrations measured

by the NAIS, as depicted in Figure 7. The first rain event showed a maximum of about 40 mm h-1 and
the second one about 10 mm h-1.’

Referee comment 18) Figure 7 and lines 385-395 – This is a very interesting set of
observations. If particles descending with the rain were responsible for the increase

in 6-10 nm particles above the canopy, how do you explain the apparent evolution of
6-10 nm particles to 10-20 nm over a few hours? Given the roughly 3 orders of
magnitude difference in particle number concentrations from ground to above
canopy and the potential canopy filtering you mention, why instead is it not possible
that the few 6-20 nm particles above the canopy were due to the rain-induced
particles mixing and filtering upwards?
Reply: There are two main points about Figure 7. The first one should show a clear
correlation between the rain intensity and increase in ion concentrations inside the
canopy. This effect is due to the splashing of the water droplets on the leaves mainly
of the trees. The water droplets explode and release high amounts of small ions. This
phenomenon has been observed and explained by Tammet et al, 2009. The second
effect is that these ions seemingly do not contribute to the total particle population as
the DMPS which is measuring from above the canopy does not show an according
increase in particle number concentration. We assume that this effect is due to the
filtering effect by the rainforest canopy. We cannot say very much about the source of
the particle that are seen by the DMPS, but from our current knowledge it is likely that
they are transported via downdraft from production at convective cloud outflow
regions (Wang et al, 2016).
We rephrased the paragraph in the revised manuscript, line 509-518: The 10-20 nm
particle concentration showed first a decrease followed by a slight increase up to ~35 cm-3, peaking
later than the 6-10 nm particles. However, it is unlikely that these 10- 20 nm particles originate from
the same rain-induced burst as seen inside the canopy, as there is no apparent particle growth from
the NAIS measurements. It is unlikely that those particles survive until the top of the canopy, as the
tree leaves would filter them out. Wang et al. (2016) reported that nucleation mode particles produced
in cloud outflows will be transported down with the rain, such that they can be observed at the ground
level as an increase in nucleation and Aitken mode concentrations (Dp <50 nm). The appearance of
6-10 nm particles with its peak concentration, could present a similar scenario of small particles
brought down from the free troposphere.’

Referee comment 19) Table 3 and lines 404-406 - Table 3 shows 65 and 49 for a total
of 114, while you state 64 and 46 and 113. Please correct.
Reply: the numbers have been corrected in the table.
Updated Table 3:

Wet season
(Jan-Mar)
Dry season
(Aug-Oct)

NPF days

Undefined

Non-events

Rain events

No-rain
events

04/64

8/64

0/64

57/64

61/64

(12.5%)

(0%)

(89%)

(95%)

(6%)

0/46

0/46

46/46

15/46

34/46

(0%)

(0%)

(100%)

(32.6%)

(74%)

Referee comment 20) Figure 9 – On either side, you show four panels. The top two
are labelled ions and the bottom two are labelled total particles, which is consistent
with the text. In the caption, we are led to believe that the top three are ions. Please
correct.
Reply: we agree the Figure and description was unclear. The Figure and caption were
updated in the revised manuscript.

Figure 9. Diel cycle of ions measured outside the canopy by the NAIS (small: 0.8–2 nm; intermediate:
2–4 nm; The lowest two panels show the total particles (large: 4–20 nm) from the NAIS and total
particles >10 nm as measured by the MAOS CPC. The left column shows the NPF event days and
the right column the non NPF days. The markers are hourly median number concentrations and the
whiskers 25th and 75th percentiles.

Referee comment 21) The RH side of Table 5 is cut off in my copy.
Reply: we are sorry about that. Table 4 is better readable in the revised manuscript.
Updated Table 4
Particle and ion concentrations- 09:00 – 12:00 LT
NPF day

Non NPF day

Cluster ions
(0.8-2 nm) [cm-3]

800 (-)
(692-905)

870 (-)
(687-1000)

Intermediate ions
(2-4 nm) [cm-3]

13 (-)
(6-23)

8 (-)
(4-15)

Large ions
(4-20 nm) [cm-3]

83 (-)
(44-137)

62 (-)
(25-119)

Intermediate particles
(2-4 nm) [cm-3]

606
(303-969)

547
(522-1600)

Large particles
(4-20 nm) [cm-3]

1000
(604-1600)

970
(238-1000)

Full day data
SMPS Condensation sink
[s-1]
CPC total particles
(>10 nm) [cm-3]

1.6e-3
(8.4e-4-2.6e-3)
1100
(579-1860)

3.3e-3
(1.7e-3-5.5e-3)
1000
(404-2000)

Environmental parameters-full day

Temp [°C]
RH [%]
Precipitation rate [mm hr-1]
Total average precipitation [mm day-1]
Wind direction [°; relative to north]
Wind speed [m s-1]

NPF day

Non NPF day

25.6
(23.8 – 28.9)
94.2
(78.8 – 98.1)
0
(0 - 0)
6.9
(5.8-8.2)
83
(56.95 – 120.8)
1.85
(0.96 – 3.04)

26
(24.5 – 29.3)
93.5
(78.9 – 97.6)
0
(0 – 0.16)
5.6
(0.9-15.3)
105.5
(38.8 – 217)
1.2
(0.6 – 2.3)

Referee comment 22) Line 520 – Should be Jan-March for wet season?
Reply: We agree with the referee. The statement has been corrected in the revised
manuscript, line 691-692. ‘We observed eight NPF events showing particle growth at site T3
outside the canopy during Jan-March 2014, which is during the wet season.’
Referee comment 23) A couple of more general comments: Is there some sort of
summary connecting the ion concentrations with NPF that can be drawn? The raininduced events are prominent, but we are not given any sense of how important
these might be. For example, is there any evidence that a significant number of raininduced particles survive to become CCN size, or is Figure 7 the best example of
their potential longevity?

Reply: Our analysis has clearly shown that the connection between rain and NPF
events is not clear. There was no rain observed during any of the NPF events, yet
sometimes there was rain in the evening after or shortly before the start of an NPF
event. That indicates that the rain clears the air of pre-existing particles and
therefore the conditions for NPF events to happen are favorable.
To our current understanding, the increase in ion concentrations due to rain events
that were mainly observed inside the canopy do not significantly contribute to the
production of bigger neutral particles as there is no concomitant increase in neutral
particle concentrations as measured by the DMPS, which is sampling from above the
canopy (see Figure 7). We believe that the ion production due to rain is mainly an
inside canopy effect and the ions are filtered out by the canopy and therefore do not
survive until they would be able to reach bigger sizes. We did observe some rain
events that lasted up to 20 hours but still we did not observe any increase in neutral
particle concentrations above the canopy.
References
de Sá, S. S., Palm, B. B., Campuzano-Jost, P., Day, D. A., Newburn, M. K., Hu, W., Isaacman-VanWertz,
G., Yee, L. D., Thalman, R., Brito, J., Carbone, S., Artaxo, P., Goldstein, A. H., Manzi, A. O., Souza, R.
A. F., Mei, F., Shilling, J. E., Springston, S. R., Wang, J., Surratt, J. D., Alexander, M. L., Jimenez, J. L.,
and Martin, S. T.: Influence of urban pollution on the production of organic particulate matter from
isoprene epoxydiols in central Amazonia, Atmos. Chem. Phys., 17, 6611-6629,
https://doi.org/10.5194/acp-17-6611-2017, 2017
Hirsikko, A., Bergman, T., Laakso, L., Dal Maso, M., Riipinen, I., Horrak, U. and Kulmala, M.,
Identification and classification of the formation of intermediate ions measured in boreal forest,
Atmos. Chem. Phys., 7, 201-210, 2007.
Hõrrak,
U.,
Tammet,
H.,
Aalto,
P.
P.,
Vana,
M.,
Hirsikko,
A.,
Laakso,
L.,
and
Kulmala,
M.:
Formation
of
charged
particles
associated
with
rainfall:
atmospheric
measurements
and
lab
experiments,
Rep. Ser. Aerosol Sci., 80, 180–185, 2006.
Martin, S. T., Andreae, M. O., Althausen, D., Artaxo, P., Baars, H., Borrmann, S., Chen, Q., Farmer,
D. K., Guenther, A., Gunther, S. S., Jimenez, J. L., Karl, T., Longo, K., Manzi, A.,
Müller, T., Pauliquevis, T., Petters, M. D., Prenni, A. J., Pöschl, U., Rizzo, L. V., Schneider, J.,
Smith, J. N., Swietlicki, E., Tota, J., Wang, J., Wiedensohler, A., and Zorn, S. R.: An overview of
the Amazonian Aerosol Characterization Experiment 2008 (AMAZE-08), Atmos. Chem. Phys., 10,
11415–11438, doi:10.5194/acp-10-11415-2010, 2010b.
Tammet, H., Hõrrak, U., and Kulmala, M.: Negatively charged nanoparticles produced by splashing
of water, Atmos. Chem. Phys., 9, 357-367, doi:10.5194/acp-9-357-2009, 2009.
Thalman, R., de Sá, S. S., Palm, B. B., Barbosa, H. M. J., Pöhlker, M. L., Alexander, M. L., Brito, J.,
Carbone, S., Castillo, P., Day, D. A., Kuang, C., Manzi, A., Ng, N. L., Sedlacek III, A. J., Souza, R.,
Springston, S., Watson, T., Pöhlker, C., Pöschl, U., Andreae, M. O., Artaxo, P., Jimenez, J. L., Martin,

S. T., and Wang, J.: CCN activity and organic hygroscopicity of aerosols downwind of an urban region
in central Amazonia: seasonal and diel variations and impact of anthropogenic emissions, Atmos.
Chem. Phys., 17, 11779-11801, https://doi.org/10.5194/acp-17-11779-2017, 2017.
Wang J., Krejci R., Giangrande S., Kuang, C., Barbosa H. M. J., Brito J., Carbone S., Chi X.,
ComstockJ., Ditas F., Lavric J., Manninen H. E., Mei F., Moran-Zuloaga D., Pöhlker C., Pöhlker M.
L., Saturno J., Schmid B., Souza R. A. F., Springston S. R., Tomlinson J. M., Toto T., Walter D.,
Wimmer D., Smith J. N., Kulmala M., Machado L.A. T., Artaxo P., Andreae M. O., Petäjä T. &
Martin S. T., Amazon boundary layer aerosol concentration sustained by vertical transport during
rainfall, Nature, doi:10.1038/nature19819, 2016.

