Anonymous Referee #2

General comments

The manuscript presents the results of a pretty complete set of aerosol analyses, allowing a good insight into aerosol sources in the urban area of Mumbay. The major finding of this study is that “atmospheric lifetime of tropical urban aerosols could be longer in winter than in summer” and this can actually have repercussion on the current ability of modeling aerosol concentrations and properties in the tropics. The major weak point resides in the limited number of samples used to infer information on summer and, particularly, winter conditions. The reader should be clearly cautioned that the conclusions of this manuscript hold only if the selected short sampling periods are actually representative of summer and winter conditions over the Mumbay area. The manuscript is well written and scientifically sound, literature is cited appropriately. Given also the fact that the Mumbay area has scarcely been studied so far, I recommend publication once the following detailed comments are addressed.

Specific comments

P20594-L11. “...indicating an enhanced emission from these sources in winter season”. This statement is questionable as also the different boundary layer height can explain the concentration difference, as recognised by the authors themselves later on in the manuscript.

Response: As suggested, we have computed PBL heights using  “weather research and forecasting reference” software (WRF of Mesoscale and Microscale Meteorology Division, National Center for Atmospheric Research, Boulder), (please see P10:L314-322) and a Figure 6 has been incorporated in the revised manuscript. Enhanced emission sources are also discussed, Section 3.3 – 3.5.

P20598-L14. In PM10 samples the contribution of carbonate carbon can be non negligible depending on the sources affecting the sampling site. The authors should better support their assumption. For instance, do the Ca2+ and Mg2+ measurements suggest that carbonate contribution is negligible? Or at least does the nssCa2+/TC ratio show that the carbonate carbon contribution is comparable for all the samples?

Response: Following the comment, we have incorporated nssCa2+ values and its ratios in the discussion later in the text, P15:L461-470:

“In our samples, nssCa2+ concentrations were comparatively low (average 0.45 µg m-3, see Table 2 for summer and winter concentrations). In addition, low values of   nssCa2+/AM and nssCa2+/TC ratios are determined in the samples (average: 0.016±0.008 and 0.035±0.018, respectively). Further, in order to examine the possibilities of the increment of 13C in aerosol C due to carbonate carbon, we examined relations between nssCa2+/TC ratios and δ13C values (the results are not shown as a figure). However, we do not find any significant correlations, suggesting that dust derived carbonate carbon was not present in a concentration level which can considerably affect the δ 13C ratios.”

P20599L20. Collecting only a blank filter does not allow for evaluating the filter batch variability. According to personal experience, I can say that filters, although coming from the same batch and treated in the same way, can be very different one another as for blank levels. This could have brought significant uncertainty to the measurements according to the signal-to-blank ratio of the samples. In the “Chemical analyses” section important information is missing: what was the signal-to-blank ratio for the analysed aerosol components? What was the overall uncertainty associated to the

analysed aerosol components?

Response: As per the comments, we have incorporated analytical sensitivity/errors for each analysis in the revised manuscript, please see section 2.2 Chemical Analyses, L151,159,165,176,185,193.
P20600L14. How do the weather conditions (T, RH, P, wind direction, rain, etc...) met during the two campaigns compare with average summer and winter conditions at Mumbay? Given the short time extent of the campaigns (_ one week), the authors should spend some words to support their assumption that the samples are representative of the whole season.

Response: As suggested, we have incorporated weather data for summer and winter. Average seasonal temperature is similar to the average temperature of the sampling time, please see P7:L213-220: 

“It is also important to briefly mention the meteorological conditions during the sampling period, especially temperature and humidity recorded at the site. Figure 1 shows higher temperature and humidity in summer (averaged: 31 ( 2°C and 77 (  12%, respectively) than in winter (averaged: 25 (  3°C and 37 (  5%, respectively) at the site. As per the climatological table given in the web-site of Indian meteorological department, the average temperature of Mumbai in summer (April-June) and winter (December-February) is  29.2 and 24.5 °C, respectively. This suggests that weather conditions at the time of sampling were representative of summer and winter seasons” 

P20603L9. “As discussed above, both nssSO2−4 and EC are the major fractions of Mumbai AM”. Actually it is OM from Figure 2.

Response: Here we are talking about data given in Table 2. Now Table 2 has mentioned in the text, P10:L300-303.

P20603L13. Do the authors have any justification for the apparent increase of the anthropogenic activity in winter? The temperature is not as low as to require home heating. This is probably an effect of the reduction of biogenic emissions and photochemical activity in winter. This should be better addressed.

Response: Although local temperature in winter is not as low as require for home heating, regional transport of anthropogenic inflow in Mumbai may be a factor. Following the comment, we have incorporated this in P10:L310-311. This regional contribution has discussed several places in the text.

P20603L20. Are there any measurements or literature data on the PBL height at the sampling location or at comparable sites? Knowing the PBL height difference between summer and winter will make easy to calculate the contribution of the atmospheric dynamics to the observed higher aerosol mass loading, allowing a better analysis of the aerosol sources strength in the different seasons.

Response: As suggested by reviewer, we have computed PBL heights using using “weather research and forecasting reference” software (WRF of Mesoscale and Microscale Meteorology Division, National Center for Atmospheric Research, Boulder), (please see P10:L315-322) and a Figure 6 has been incorporated in the revised manuscript:

“To see the effect of PBL height on the seasonal variations of aerosol mass loading, we have computed PBL heights for the sampling periods in Mumbai using “weather research and forecasting reference” software (WRF of Mesoscale and Microscale Meteorology Division, National Center for Atmospheric Research, Boulder), and data are shown in Figure 6. In winter season, a large variation in PBL heights for day- and nighttime can be seen compared to that of summer season. However, not much difference was observed in average PBL heights between winter (548 m) and summer (532 m) season.”

P20603L26. This sentence is apparently contradicting what the authors say in L17-18 of this same page.

Response: Our results suggest that although the source emissions may be enhanced in winter, the sources remain mostly similar in both the seasons for the Mumbai aerosols.  Sentence has been edited now.

Par. 3.4. The conclusion of this paragraph is ambiguous: are the authors attributing the different isotopic ratio to “(i) changes in source contribution, and/or (ii) enhanced atmospheric processing of aerosols”? If the conclusion is that probably both are contributing or that there is not enough data to answer to the starting questions, the authors should address the point more clearly.

Response: Our interpretation suggests for both. The text has been edited.
P20604L10. The different contribution from organic nitrogen is likely the most significant difference observed in this dataset between summer and winter. I encourage the authors to discuss this more in depth.

Response: Following the suggestion we have discussed a little more about organic nitrogen, P11:L341-343. Higher organic nitrogen concentrations observed in summer possibly due to evaporation loss of inorganic nitrogen:

“to the Mumbai aerosols in this season. On the other hand, also a possible reason could be the elevated temperature in summer, which would result in evaporation of inorganic nitrogen, and loss to the gas phase.”

P20604L11. Indeed, there is evidence that biomass burning is a source of water soluble organic nitrogen (Mace et al., JGR, 108, D16, 4512, 2003). Have the authors considered photochemistry as a source of organic nitrogen? This could explain the higher organic nitrogen concentrations observed in summer. What about cloud processing also?

Response:  As suggested above, we have discussed the possible reason of higher organic nitrogen concentrations observed in summer. However, we have no clue about cloud processing from the data set we have in this manuscript.

P20605L23. Are these correlations significant? At what confidence interval?

Response: We have tried to show a relationship using these correlations and to compare with previously published data. We did not do other statistical analysis, P13: L390-398.  
Par. 3.5. How do the authors interpret the day-night trend of _13C in summer (Figure 8)? Does it not suggest some influence of local sources at the sampling site in contrast with what said previously in the text?

Response: Following the suggestion, now we have mentioned about this day-night trend of δ13C in the texts, P17:L509-519

“ During summer season, when solar radiation, temperature and humidity are intensified in tropics and in addition, concentration of precursor species becomes lower, the condensation, growth and subsequent atmospheric aging of organic aerosols are overwhelmed by their volatilization, degradation to the final end-product (gas phase) and wet removal. In Figure 9, the day-night trend of δ13C values in summer (generally lower in days and higher in consecutive nights) also supports the above conclusion that  fast volatilization, degradation to gas phase of organic aerosols during day time is predominated over their photochemical processing. Because of the low evolution rate of organic aerosols in winter, they possibly sustain for a longer period in the atmosphere. Thus this study suggests that the atmospheric lifetime of tropical urban aerosols could be longer in winter than in summer.”

P20609L19. The authors should include also wet removal as a cause of the aerosol lifetime reduction in the tropical summer. If they have reasons to assume that the degradation to CO2 of organic aerosols is more effective than their wet removal, they should present them.
Response: We have incorporated the wet removal, P16:L509-513.
P20610L25. “These values and their plots against nssSO4-2/TC, levoglucosan-C/TC and EC/TC also supported the major sources identified for the Mumbai aerosols”. These plots have not been presented or discussed in the text. If they are important to draw the conclusions they should be presented in the results section.

Response: We have omitted this sentence, as they do not give important information.

Technical corrections

P20605L6. The punctuation in this sentence seems to need double checking.

Response: done

P20609L18. “Are existed”?

Response: done
We thank the reviewer for his/her very positive comments/suggestions and his/her time.
