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This article has as main goal of establishing and verifying an alternative setup for MFRSR 

calibration over the Amazonian basin. The need is clear: Amazonian atmosphere have to be 

continuously monitored and gaps (for example to send the instrument to a calibration facility) 

must be avoided. I think the authors achieved their objective with this work. Moreover, this 

article present a good example of comparison with the AERONET network, in terms of 

aerosol optical depth and Angström exponent. I find that the paper will be scientifically sound 

and it might be acceptable for publication after addressing the major points listed in my 

specific comments. 

 

Authors general comments: We would like to thank the referee for his thoughtful revision 

and suggestions. We have tried to address all points raised, that certainly will improve our 

manuscript. Below we provide answers to each of your comments. 

 

Legend: 

Q#<number> - Referee questions and suggestion 

R#<number> - Authors reply and comments 

 

Specific comments: 

Q#01: Page 3, lines 12-14: For non-familiarized reader it would be more convenient to 

describe on Figure 1 the meaning of midst, upwind and downwind pollution plume. Is the 

plume generated inside Manaus city? Which kind of particles are mainly present?  

R#01: Figure 1 was updated, we included more information: wind dominant direction during 

the dry (brown arrow) and wet (blue arrow) seasons. During the wet season (November – 

March) the dominant wind direction is from northeast and during the dry from east. We 

added examples of the GoAmazon sites to reference the downwind (T2), midst (T1) and 

upwind (T0e) position respect to the Manaus city, being the later site (T0e) the focus of the 

present study. 

 

 
 

Regarding the composition of Manaus plume, nitrogen and sulphur oxides, submicron 

aerosol particles and soot are found in high concentrations (Kuhn et al., 2010), which is 

consistent with the nature of the major sources of air pollution from Manaus, vehicle fleet, 



power plants, and industrial activities. Sá et al. (2017) found that the submicron particles 

composition is dominated by organic material across measurement sites upwind and 

downwind of Manaus, independently of the levels of pollution. However, their study pointed 

out that, among the sites, the absolute mass concentrations varied significantly. Average 

concentrations downwind of Manaus were 100 % to 200 % higher than those upwind.  

 

This description was included in the new version of the manuscript that is being prepared 

 

Q#02: Page 8, lines 12-16: Ozone and dioxide nitrogen content was obtained from 

Sciamachy and OMI, but did you use a daily value, a monthly value or an average value 

over 2012-2015? 

 

R#02: For both Ozone (268 Dobson Units) and NO2 (7.6 Dobson Units) column content, we 

used average values over 2011 - 2015. This information was included in text.  

 

Q#03: Page 9, line 2: How many individual Langley calibrations were performed over the 

period 2012-2015? Is this number robust enough? Only information on years 2012 

and 2015 is included in the manuscript and supplement material. 

 

R#03: As we set the focus of the manuscript on the question whether it is possible to obtain 

accurate calibration constants derived from on site measurements applying the Langley plot 

method in Central Amazonia, we evaluated that two independent years would be adequate 

to support our findings concerning the question. That is the main reason why we present 

only 2012 and 2015. We selected 2012 and 2015 because of the temporal distance between 

them, which would allow us to detect a scenario of potential filter degradations. Now that we 

evaluated that consistent AOD retrievals, derived from local successful calibration constants, 

can be obtained, there is an ongoing study focusing on a multi-year analysis of AOD. We 

plan to include a broad discussion in terms of source contributions and atmospheric 

processes and also a time series of the calibration constant applied to obtain the 

correspondent MFRSR AOD values. 

 

Regarding the number of Langley calibrations (that varied from 14 to 22, depending 

on the year and wavelength channel), we think that those figures allow a consistent statistic 

for calibration constants. The numbers are similar to those of previous and references 

studies on the Langley plot calibration, for instance, Schmid and Wehrli ,1995 (11 Langley 

plot cases) Michalsky et al., 2001 (20 Langley plot cases), Augustine et al., 2003 (18 

Langley plot cases). Another important aspect to corroborate the quality of the Langley plots 

performed is that, in our study, we included more than 60 points per Langley plot, when 20 is 

suggested as a minimum to obtained good results from an individual Langley plot (Augustine 

et al., 2003). 

 

Q#04: Page 9, lines 8-9: You wrote “αλ1, λ2 is a practical parameter to evaluate aerosol 

particles size”. This sentence is too general. What it can be inferred from the Angstöm  

exponent is the predominance of submicrometric or micrometric particles, but not the actual 

particle size. For that, information on particle size distribution (for instance) must be 

retrieved. 

 



R#04: The reviewer point of view is correct. Therefore, we accepted and expanded the 

description of Angstrom exponent as suggested.  

 

Q#05: Page 9, line21: please include also the reference Moran-Zuloaga et al. (2018) Moran-

Zuloaga, D., Ditas, F., Walter, D., Saturno, J., Brito, J., Carbone, S., Chi, X., Hrabe de 

Angelis, I., Baars, H., Godoi, R. H. M., Heese, B., Holanda, B. A., Lavri ˇ c, J. ˇ V., Martin, S. 

T., Ming, J., Pöhlker, M. L., Ruckteschler, N., Su, H., Wang, Y., Wang, Q., Wang, Z., Weber, 

B., Wolff, S., Artaxo, P., Pöschl, U., Andreae, M. O., and Pöhlker, C.: Long-term study on 

coarse mode aerosols in the Amazon rain forest with the frequent intrusion of Saharan dust 

plumes, Atmos. Chem. Phys., 18, 10055-10088, https://doi.org/10.5194/acp-18-10055-2018, 

2018. 

 

R#05: Suggestion accepted. 

 

Q#06: Page 9, line 24: replace “aerosol optical depth” by “AOD” because you have already 

introduced the acronym. Check along the manuscript. 

 

R#06: Suggestion accepted. 

 

Q#07: Page 10, lines 5-6: Cloud screening is done based on the large standard deviations 

from the mean observed in some cases. However, it is necessary to quantify what you refer 

with “large standard deviations”. 

 

R#07: The text was rewritten including the description of the threshold used to apply cloud 

screening: 

 

“MFRSR AODλ at 1-minute rate was averaged within a 5-minute interval centered on 

AERONET retrieval. Large standard deviations from the mean AOD, i.e. higher than 0.08 

(considering 3x AERONET AOD products nominal uncertainty, which is 0.02), were 

interpreted as cloud contamination in MFRSR, therefore excluded from the analysis.” 

 

Q#08: Page 10, lines 8-9: replace the word “true” by “reference”. Page 12, Table 1 and 

Table 2: Following equation 1 the slope (after changing its sign) provides information on the 

daily average of AOD. All the values shown in Table 1 and Table 2, both referred to 500 nm, 

are in the range 0.20-0.30, what from my point of view are not low enough to be considered 

as clear atmosphere or values similar to those obtained at a mountain top (above the 

atmospheric boundary layer). In this sense, more discussion is needed. 

 

R#08:  

“True” replaced by “reference” 

 

The slope represents the daily average of total atmospheric optical depth (including 

molecular OD + gaseous absorption OD + aerosols OD). Average molecular OD in  central 

Amazonia at 500 nm is 0.14, and Ozone OD 0.01. So, the daily average AOD would be in 

the range of 0.05 - 0.15, which is the range typically observed in Amazonia background 

atmosphere (Schafer et al., 2008).  

 

This analysis was included in the text to clarify. 



 

Q#09: Page 14, line 2 (but also this is an overall comment): Only years 2012 and 2015 are 

analyzed in this paper? What about 2013 and 2014? Is there any reason for this lack of 

information? 

 

R#09: Please, see the reply for the question R#03. 

 

Q#10: Page 15, line 17: You attributed the few suspicious points to the presence of optically 

thin cirrus. This can be easily checked from lidar measurements. Do you have simultaneous 

lidar measurements to corroborate this? 

 

Indeed, there was a Lidar operating at T0e site. Using the data from this Lidar, 

Gouveia et al. (2017) showed that cirrus clouds classified as subvisible (Optical Depth < 

0.03) frequency in Central Amazonia can be as high as ~ 42%, while thin cirrus (0.03< 

Optical depth < 0.3) ~38%. The presence of this subvisible and thin cirrus clouds very likely 

contaminate some AOD retrievals from MFRSR, Cimel and satellite sensors. 

Therefore, we agree that Lidar analysis would contribute to the discussion of the 

present manuscript, however, as it is in course a study focusing on the comparison of AOD 

in Central Amazonia from multiple platform (ex. Cimel, MFRSR, MODIS), in which the Lidar 

information will be used, we evaluate that, while a Lidar data analysis would be interesting in 

the context of present manuscript, its absence would not jeopardize the major results of this 

manuscript. So, in the mentioned ongoing study (focused on AOD variability and not on sun 

photometer on site calibration) we will explore the role of seasonal and diurnal cycle of 

subvisible cirrus (as pointed out by Gouveia et al, 2017). 

 

Q#11: Page 16, line 5: AERONET is not an instrument, replace by Sun-photometer or the 

AERONET Sun-photometer. The same in page 7, line 2. 

 

R#11: Accepted  

 

Q#12: Page 17, line 3: what about the results for 2013 and 2014? Page 17, figure 4: From 

this figure it seems that there is a overestimation of AOD from MFRSR respect to Cimel 

values, and underestimation of Angström Exponent values. Due to the different temporal 

resolutions I consider more convenient to present the temporal series of daily values or 

monthly values to check the overall coherence of both datasets. If monthly values are 

shown, the whole dataset (2012-2015) can be presented. 

 

R#12: Regarding the results for 2013 and 2014, please, see R#03 

 

To provide a consistent temporal series to compared AOD from both MFRSR and Cimel we 

replicate the Figure 7 (pag 17) including only coincident AOD and Angstrom Exponent 

retrievals (Please, see figure below). In this scenario, it is not clear that there is a systematic 

overestimation of AOD from MFRSR respect to Cimel, I would say that the MFRSR results 

are consistent with Cimel. Therefore, the apparent overestimation present in the Figure 4 is 

mainly related to MFRSR retrievals in scenarios when Cimel does not provide retrieval. In 

that case it is difficult to be conclusive about an eventual overestimation in MFRSR retrieval. 

It is recognized that AERONET AOD products are biased towards clear-sky conditions (Levy 

et al. 2010). Since cloudy conditions are likely to be related to distinct air mass conditions 



(humidity and particles composition) and, therefore, different aerosol conditions, MFRSR 

would be able to capture high frequency of aerosol scenario not captured by Cimel. MFRSR 

higher frequency retrieval, mainly during the wet season (this can be seen in Figure 4 itself), 

improves the number of retrievals in scattered and broken cloud conditions.  

In other hand, cloudy conditions may influence MFRSR AOD retrieval accuracy via 

the diffuse/direct radiation partition and, consequently, on the direct-normal irradiance used 

to obtain AOD. These are interesting aspects; however, their discussion is out of the context 

of the present manuscript, but we plan to address in the mentioned manuscript being 

prepared focusing on AOD variability in central Amazonia from multiple-platform(ground 

based and space based).  

 

In the present manuscript, to clarify the apparent overestimation of MFRSR AOD respect to 

Cimel and highlight that it is not present when coincident retrievals of both devices are 

compared, Figure 4 was updated including an additional plot comparing only coincident 

retrievals (see figure below).  

 

 
 

Q#11: Page 18, figure 5: All wavelengths should be shown here. Also, explain the meaning 

of asterisk on the y-axis unit (interpolated values, I guess), and the meaning of red dotted 

line (1:1 line). 

 

R#11: All MFRSR channels able to provide AOD retrieval are shown (415 nm, 500 nm, 610 

nm and 670 nm), only the channel 870 nm is not presented, which was justified previously 

due to the difficulty to obtain a consistent calibration for this channel. 

 

The asterisk indicates that the AOD at that particular channel (Cimel) was estimated using 

Angström exponent, in that case to describe Cimel AOD. Red dashed line represents 1:1 

line.  

 

All these descriptions were included in the Figure 5 and 6 legends. 

 

Q#12: Page 18, figure 6: The information from Figure 6 is summarized in Table 6. It would 

be nice if you replace figure 6 about AOD by the scatter plot of Angström exponents. 



 

R#12: We think that the referee is meaning Table 4.  

Since all information presented in Table 4 is already included in Figures 5 and 6 legends, 

instead of replacing 2015 AOD scatterplot by Angström exponent scatterplot in Figure 6, we 

evaluated to replace the Table 4 by a new Figure (see below) showing the scatter plot of 

Angström exponents considering the wavelengths 415 nm and 670 nm.  

415 nm* indicates that the AOD used to obtain AE (415 nm*/670 nm) for Cimel was 

estimated using Angström exponent. (a) – year 2012; (b) year 2015 

 

 
 

 

Q#13: Page 19, Table 4: All wavelengths and years must be shown here. Other table 7 

might contain the corresponding information for Angström exponent 

R#13: As explained in R#12, Table 4 is duplicating results already describe in Figure 5 and 

6, so we replace it to a scatter plot of Angström Exponents (AE), therefore, we added 

information on AE without excluding any AOD information.  

 

 

Q#14:Technical corrections: 

Page 2, line 26: in “. . .the forest it is. . .” remove “it”. 

Page 7, line 7: replace “. . .using leas-square. . .” by “. . .using least-square. . .”. 

Page 15, line6: keep the same format along the paper (don’t use I_(DN,λ) ). 

Page 15, line 22: replace “one minutes frequency” by “1-min frequency”. 

Page 16, line 14: replace “sows and enhancement” by “shows an enhancement”. 

Page 17, caption figure 4: replace “Depth” by “depth”. 

Page 17, line 11: replace “For the 2015 years trends” by “The year 2015 trends”. 

 

Page 19, Table 4, caption: replace “aerosol optical depth” by “AOD” and “optical depth”by 

“AOD”. 

Page 19, line 7: replace “Do Central Amazonian pristine atmosphere provides” by 

“Does Central Amazonian pristine atmosphere provide”. 



Page 19, line 9: “Amazônia” Please, in English not in Portuguese. 

Page 19, line 18: replace “varied” by “varies”. 

 

R#14: All recommended technical corrections listed below were accepted.  
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