Response to reviews

Reviewer comments are in bold. Author responses are in plain text. Excerpts from the
manuscript are in italics. Modifications to the manuscript are in b/ue italics. Page and
line numbers in the responses correspond to those in the ACPD paper.

Review #1

1. Line 155. As reported by (Zotter et al 2017) at 370 nm there maybe a non-
negligible light-absorption contribution from SOA compounds, I would use the
wavelength at 430 nm.

In our manuscript, the assessment of brown carbon absorption aimed exactly at
quantifying the contribution of all organic material, including SOA, to light
absorption. Therefore, the choice of the lower bound of wavelength measured (370
nm) followed as the most appropriate.

Previous studies in Amazonia also used the 370 nm wavelength to estimate the brown
carbon contribution to particle light absorption (e.g., Wang et al., 2016; Saturno et al.,
2018). Zotter et al. (2017) had a different goal compared to our study, aiming to
apportion the contribution of traffic and wood burning aerosols to light absorption,
excluding the possible contribution of SOA to light absorption.

2. Line 166-170. I would use some references to support the assumptions made.
We appreciate this idea, and have added the following references in the text:
Line 166:

“... (1) babs,BC(700) 166 = babs(700) and babs,BC(880) = babs(880) assuming that
babs,BrC = 0 at red wavelengths (e.g., Andreae and Gelencsér, 2006; Wang et al.,
2016), (2) aabs,BC(700,880) was calculated from Equation 2 using babs,BC(700)
and babs,BC(880), (3) babs,BC(370) was calculated from Equation 2, using
babs,BC(880) and dabs,BC(370,880) = aabs,BC(700,880) under the assumption that
dabs,BC was independent of wavelength (e.g., Andreae and Gelencser, 2006,
Moosmiiller et al., 2009), and finally (4) babs,BrC(370) was obtained by Equation 1
using babs,BC(370) and babs(370).

3. Line 528-537. When you describe Figure 11 you don’t comment on the
Angstrom exponent

We thank the reviewer for catching this fault in completeness. We have adjusted the
text as follows:

Line 534:



“... from 0.2 in the day to 0.4 at night. The absorption Angstrom exponent daps
followed a similar diel trend, on average ranging from 2 during the day to 3 during
the night (Figure 11d). Compared to the diel trends....

4. Figure 4 and Figure 11: I would write the values of the interquartile ranges:
25,75 or 10, 90?

Our understanding is that an interquartile range is, by definition, the middle 50%, i.e.
from 25% to 75%. Therefore, we have opted to keep the captions short.

5. Figure 11: I would write the wavelengths also on the graph to be clear, in
particular on the Angstrom exponent

We appreciate this suggestion. However, in the interest of keeping the figure clean,
the wavelengths are not added to the graph. We believe that this clarity is provided in
the figure caption, where all wavelengths are explicitly mentioned. Please also note
that all the variables plotted were explicitly defined in the Section 2.2 (Brown carbon
light absorption), lines 173-174.

6. Figure 13: I would draw the correlation curve and write the correlation
coefficient as in Figure 14.

To address this great suggestion by the reviewer, we have modified the figure to
include the trend lines. The Pearson R values and the equation coefficients are
provided in the figure caption.

Review #2

De Sa et al. have studied concentrations and light absorption properties of PM
during the dry season in central Amazonia, as part of the GoAmazon2014/15
campaign. They present a wealth of data and analyze it in a comprehensive and
detailed fashion to derive some interesting insights on anthropogenic impacts on
PM and OA concentrations as well as light absorption properties over
Amazonia. The paper is well written, the Figures are numerous, but clear and
mostly justified (see comment below) and the conclusions are well-based on the
measured data. The abstract could be improved (see comment below) and I have
a few more comments listed below. I recommend publication of the paper after
these have been addressed.

We thank the reviewer for reading our manuscript and providing this valuable
feedback.

Comments:
1. The abstract is rather descriptive and would benefit from more detailed
quantitative results, e.g. on the measured concentrations, PMF factor



contributions to OA, and contribution to BrC. Quantitative results would also be
important to better understand some of the core findings mentioned in the
abstract, e.g. on the BrC bleaching (L.13), the relevance of sources other than BB
(L17-19), and the suggested different oxidation pathways in the different clusters
(L29-31). In turn, the parts that just describe what has been done could be
condensed (e.g. L5-10, L13-15, L.22-26, ...)

This feedback is highly appreciated. We have adjusted the abstract as follows:

Urbanization and deforestation have important impacts on atmospheric particulate
matter (PM) over Amazonia. This study presents observations and analysis of
submicron PM| concentration, composition, and optical properties in central
Amazonia during the dry season, focusing on the anthropogenic impacts. R

Fe%ated—to—the—ofga-nfﬁﬁM;— T he primary Study site was located 70 km—t-o—tke—we—st
downwind of Manaus, a city of over two million people in Brazil-A, as part of the

GoAmazon2014/5 experiment.—datasetsfrom-alargesuite-of-instrumentationwere—
employed- A high-resolution time-of-flight aerosol mass spectrometer (AMS) provided

data on PM| composition, and aethalometer measurements were used to derive the

absorption coefficient baps,s-c of brown carbon (BrC) at 370 nm. Non-refractory PM,
mass concentrations averaged 12.2 ug m at the primary study site, dominated by
organics (83%) and sulfate (11%). A decrease in baps prc was observed as the mass
concentration of nitrogen-containing organic compounds decreased and the organic

PM; O:C ratio increased, Suggesting atmospheric bleaching of the BrC components

- The organic PM;
was separated into six diﬁ‘erent classes by positive-matrix factorization (PMF), and

the mass absorption efficiency Eaps associated with each factor was estimated through

multivariate linear regresszon ofbabs BrC ON the factor loadings. Estimates-ofthe—

The largest Eqps values were associated with urban (2.04 £ 0. 14 m? g!) and biomass
burning (0. 82 £0.04m’ g to 1. 50 +0.07 m* g”!) sources. Together, these sources

- b o contributed at least 80% of babs,B-c
while accounting for 30 to 40 % of the organic PM; mass concentration. In addition,
a comparison of organic PM; composition between wet and dry seasons revealed that
only part-afraction of the nine-fold increase in mass concentration between the
seasons can be attributed-weas-due to biomass burning. Biomass-burning factor
loadings increased by thirty-fold, elevating its relative contribution to organic PM,

from about 10% in the wet season to 30% in the dry season. However, most of the
PM; mass (>60%) in both seasons was accounted for by biogenic secondary organic
sources, which in turn showed an eight-fold seasonal increase in factor loadings. Aa—

cight-fold increase in biogente sccondary organic PMy was observed. 4 combination

of decreased wet deposition and increased emissions and oxidant concentrations, as



well as a positive feedback on larger mass concentrations are thought to play a role in
the observed increases. Furthermore, Fuzzy c-means clustering identified three

clusters, namely “baseline”, “event”, and “urban” to represent different pollution

influences during the dry season.%ﬁtdhqgibasekﬁei(dﬁa—seas%—b&ekgﬁe%d,—
hinh 74 des-bioma b ning Covont”incrogeod jnfliyonco L O ning

Hﬁﬂ&enee—wz—tepef—#te—baekg/@ﬁﬁd) T he baselme cluster representmg the dry season

background, was associated with a mean mass concentration of 9 + 3 ug m>. This
concentration increased on average by 3 ug m for both the urban and the event
clusters. The event cluster, representing an increased influence of biomass burning
and long-range transport of African volcanic emissions, was characterized by
remarkably high sulfate concentrations. The urban cluster, representing the influence
of Manaus emissions on top of the baseline, was characterized by an organic PM;
composition that differed from the other two clusters. The differences discussed

B e
other-two-elusters suggested a shift in oxidation pathways as well as an accelerated
oxidation cycle due to urban emissions, in agreement with findings for the wet season.

2. L142: Calculating a new trajectory every 12 min seems like quite a high
frequency to me. Do they change at all within such short time? Also, here it says
that 48 h back trajectories were calculated while the caption of Figure 9 says 10
h.

We thank the reviewer for bringing up these points. We have modified the text to
clarify them as follows:

Line 141:

Air-mass backtrajectories were estimated using HYSPLIT4 (Draxler and Hess, 1998).
Data sets of the S-band radar of the System for Amazon Protection (SIPAM) in
Manaus (Machado et al., 2014) provided precipitation data, which allowed to filter
out trajectories that intercepted precipitation. The HYSPLIT4 sSimulations started at
100 m above T3 and were calculated up to two days back in time for every 12 min to

match with the radar data-wp-te-twe-days-back-intime. Input meteorological data to
the simulations were obtained on a grid of 0.5° % 0.5° were-obtained from the Global

Data Assimilation Sysz‘em (GDAS) Preelpﬁ&ﬂeﬁ—a%eng—ﬂ%e—mgfeem%s—vms—based—eﬂ—

hH h o 13 46 % % D AA/
v -, 7 727, v o v,

Mm%a—us—%ek&d&et—a—l—}@%@—Addltwnal information on the backtra]ectory

calculations and on the radar were described in de Sa et al. (2018).

Figure 9 caption:
Trajectories were calculated using HYSPLIT4 in steps of 12 min and are shown for
10 h (Draxler and Hess, 1998).



3. L171-174: 1 cannot follow here. Are all the parameter subscripts correct? If so,
please be more specific.

We really appreciate that the reviewer caught this typo on the subscripts. We have
corrected the issue as follows:

Line 172:
Based on bups.2c(370) and baps.pc(430), daps(370,430) was estimated.

4. 1L.209: “highly correlated” is not very precise. Please provide Persons r. Also, if
OA and sulfate are really “highly correlated”, does it imply common sources?

Pearson R values were added to the text as shown below. In addition, we did not mean
to say that organic and sulfate are highly correlated to each other. Rather, we meant
that each of those species have their concentrations well correlated across sites. The
text was adjusted to eliminate this ambiguity:

Line 209:

The time series of organic and-sulfate mass concentrations across the three sites were
well-hishly correlated aeress over the two months when considering the timescale of a
day (Figure 2a; 0.55 < R < 0.85). Similar behavior was observed for sulfate mass
concentrations (Figure 2b; 0.86 < R < (0.93). The T0 and T3...

5. L211-212: I have difficulties resolving timescales of less than a day in Figure 2.
Please also give r.

The R values were added to the text as follows:

Line 211:

The-figure data also shows that for timescales of an hour-lessthan-a-deay the sites
were less correlated (0.70 <R < 0.80 for sulfate, and 0.38 < R < (.75 for organic
mass concentrations).

6. L409: It is only at the very end of the discussion on possible drivers of lower
concentrations during the wet season, that wet deposition is cautiously
mentioned. To me this seems to be the most obvious and maybe also most
relevant factor, as it efficiently removes both particles and precursor gases. Are
there studies quantifying the effect of wet deposition in the area?

The reviewer brings up an excellent point about the way we presented our arguments.
We reorganized the text as follows below, bringing the sentences on wet deposition to
the beginning of the paragraph, in order to reflect its importance in the discussion. We
also added a few more references that show different deposition patterns during the
wet and dry seasons.



While it is known that wet deposition is important in regulating atmospheric
concentrations in Amazonia, we are not aware of any quantitative field or modelling
study on the effect of wet deposition on said concentrations. The challenge arises
from the confounding nature of all the processes and sources that change
simultaneously between the wet and dry seasons, making it difficult to apportion the
reasons for differences in aerosol concentrations.

Line 395:

Therefore, reasons other than increased biomass burning in the dry season must have
played a role in increasing organic PM1 concentrations. Importantly, the mass
concentrations of sulfate and ammonium also increased by six-fold between seasons
(Figure S10), indicating that atmospheric physical processes governing particle mass
concentrations possibly played an important role. In this context, reduced wet
deposition due to reduced convection in the dry season may be another-appreciable
one important contributor to the organic PM1 increases (Machado et al., 2014;
Nunes et al., 2016, Chakraborty et al., 2018, Trebs et al., 2006, Pauliquevis et al.,
2012). Another Gre-aspect is that BVOC emissions are typically higher ...



7. L729-743: These paragraphs in the Summary seem to add new aspects to the
discussion of BrC that were not addressed before. I think they would fit better
into the Results section, which would also help to shorten the quite long
Summary section.

We really like this suggestion and have moved the referred paragraph (lines 729-743)
to the end of Section 3.2.2:

Line 689:
... and is discussed in the Supplementary Material (Figure S15).

The BrC light absorption can have direct and indirect effects on radiative
forcing...

8. Table 3: Statistical significance is mentioned in the caption, please include the
significance level used (alpha = 0.05?) and ideally also the p-values of the model
coefficients (i.e. Eabs).

We have adjusted the caption to address this suggestion. Note that the confidence
intervals provided for Eaps values were stated as 95%. It thus follows that the
significance level is 5%, and we have now explicitly added that to the caption. We
have also reiterated from the text that the values listed were found by running the
constrained least squares regression in bootstrap:

Table 3. Results of the constrained linear least squares regression analysis for the
brown-carbon absorption coefficient (Equation 5). (a) Mass absorption efficiency Eaps
associated with each PMF factor. (b) Model intercept. The mean, standard error (SE),
and 95% confidence interval (CI) are listed in each panel. They were obtained
through bootstrap of the regression analysis considering different samples (i.e., sets of
points in time) for 107 runs. Unit of Mm™ represents 107 m™. The coefficient of
determination R’ between predicted baps prc prea and observed baps grc was 0.66. The
symbol “*” indicates that the estimated value was statistically not higher than zero at
the significance level of 5%.

9. Figure 12: Please indicate the binwidth used for the boxes.

The bin boundaries used for the boxes have been added to the figure caption:

Figure 12 caption:

... and horizontal lines within the boxes indicate medians. For panel a, each bin width

is 0.1, from 0.5 to 1.0, and for panel b, each bin width is 0.2, from 0 to 1.0. In
complement...



10. In order to somewhat reduce the quite high number of Figures, the authors
could consider to move Figure 3 to the SI, as it does not present any results, and
to remove Figure 15, which just seems to be a visual repetition of Table 4.

We really appreciate these thoughtful suggestions. After careful internal discussion,
we decided to keep the figures as they are, following our belief that they add higher
value to the paper as main figures by providing impactful visualizations of some
important observations and results.

11. SI: As the SI will not get further typesetting I recommend giving captions
together with the Figures, instead of listing them separately.

We agree with the reviewer that this change will make the Supplementary Material
more easily readable. Therefore, we have adjusted the location of figures in the
supplementary text.

Interactive comment by Dr. Marco Pandolfi:
I would like to offer a few comments based on a quick reading.

In Section 3.2.2 the authors estimated the mass absorption efficiency (MAE) of
different PMF ACSM factors using multivariate linear regression (MLR). Using
PMF factors in the MLR, rather than individual chemical species, has the great
advantage of providing the MAE of atmospheric particles taking into
consideration their mixing state in the atmosphere. However, as reported by the
authors, the number of papers presenting MAE (or mass scattering efficiency;
MSE) of pollutant sources is rather scarce. Here, I would like to suggest the
authors to cite another recent paper (Ealo et al., ACP, 2018) where both the
MAE and MSE of different PMF sources were reported. The chemical speciated
data used in Ealo et al. (2018) were obtained from chemical analysis of 24h
filters. In Ealo et al. (2018) the highest MAE was calculated for the Traffic
source (around 1.7 m2/g at 637 nm).

Moreover, Ealo et al. (2018) also reported the correlation between measured and
modelled aerosol particle scattering (R2 = 0.85) and absorption (R2 = 0.76).

Ealo, M., Alastuey, A., Pérez, N., Ripoll, A., Querol, X., and Pandolfi, M.: Impact
of aerosol particle sources on optical properties in urban, regional and remote
areas

in the north-western Mediterranean, Atmos. Chem. Phys., 18, 1149-1169,
https://doi.org/10.5194/acp-18-1149-2018, 2018.



We thank Dr. Pandolfi for providing this thoughtful comment to improve our
manuscript. The reference suggested has been added to the text in the following
instances:

Line 629:

Other studies have also made use of multivariate linear regression to retrieve mass
absorption efficiencies (Hand and Malm, 2007;Washenfelder et al., 2015; Ealo et al.,
2018).

Line 650:

... light absorption. As a point of comparison, Ealo et al. (2018) conducted a study in
the north-western Mediterranean and found the highest mass absorption efficiencies,
ranging from 0.9 to 1.7 m?> g at 637 nm, for traffic and industrial sources. As another
point of comparison...
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