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General comments:

The study adds to a growing list of studies on impacts of regional emissions of black
carbon on Arctic aerosol concentrations. Given large yet uncertain impacts of aerosols
on Arctic climate, there is considerable need for research in this area.

The authors of the study analysed at a wide range of model results in great detail.
However, there are substantial issues with the design of the study and presentation of
the results.

First, important sources of black carbon were not accounted for. Consequently, BC
concentrations in the Arctic are underestimated and conclusions about the relative im-
portance of different source regions are biased. More specifically, emissions of black
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carbon from central and south America, central and south Africa, and Australia are not
accounted for in the simulations. According to data sets that were used by AMAP for
an assessment of the impacts of black carbon on the Arctic (AMAP, 2015; Stohl et al.,
2015), these regions contributed about 41% to total (anthropogenic and natural) global
emissions of black carbon in 2010 (AMAP region "ROW"). The simulated contribution
of these emissions to total black carbon mass in the Arctic atmosphere is 10-20%, de-
pending on the model. Furthermore, it appears that emissions associated with oil and
gas flaring were not accounted for. According to AMAP data, about 65 GgC of black
carbon were emitted by oil and gas flaring industrial activities in 2010, especially from
sources at high latitudes. Efficient transport to the Arctic implies that the contribution of
these emissions to total black carbon mass in the Arctic atmosphere is relatively large,
i.e. comparable to the impacts of emissions of black carbon from all North American
sources.

Second, the analysis of model results in the study seems narrowly focussed on results
for the Arctic, which is problematic with regard to an improved understanding of the
impacts of aerosols on Arctic climate. For instance, aerosol radiative effects at mid
latitudes have a strong impact on Arctic climate by influencing the transport of heat to
the Arctic. There are also impacts of black carbon on snow albedos, which are not
considered either.

Finally, it is not obvious why results for PM2.5, PM10, sulphate, and dust concentra-
tions are analysed. Comparisons with observations are missing and analysis of model
results for these is less complete than the analysis for black carbon. Overall, the rel-
evance of model results is not obvious with regard to impacts of aerosols on climate
or air quality. There is no discussion of climate implications or comparison with results
from other studies.

Specific comments:

P. 2, L. 22: Another great reference is Bond et al. (2013).
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P. 3, L. 10: Sharma et al. (2013) and references given in that paper seem relevant
here, too.

P. 3, L. 27: Uncertainties and biases in parameterizations of wet deposition and con-
vective processes should be more emphasized here since they mainly explain differ-
ences in simulated aerosol concentrations in the Arctic. See Browse et al. (2012) and
Mahmood et al. (2016) and references in these papers.

P. 3, L. 28: The statement that regional chemical transport models capture BC concen-
trations better is highly questionable. According to Eckhardt et al. (2015), there is no
single class of models that outperforms other models. The statement here is based on
2 individual models.

P. 3: The discussion in this section is focussed on simulations of surface concentra-
tions. For climate and radiative forcings, aerosol vertical distributions and deposition
of BC on snow are more important than surface concentrations. Please clarify the fo-
cus of the study on air quality aspects of Arctic aerosols or include further information
regarding aerosol vertical profiles. This is particularly important since comparisons for
aerosol vertical profiles are included in the paper (Section 3.1.2). The title and abstract
are somewhat ambiguous in that regard.

P. 4, Section 2.1.2: Please indicate whether annual mean emissions are used. Are
temporal variations in fire emissions are accounted for?

P. 5, Section 2.1.3: This section lacks a lot of detail. What types of aerosols are
consider and how they are numerically represented? Does the model simulate aerosol
size distributions? What kind of aerosol processes are accounted for? Is aging of
BC accounted for? How are interactions between aerosols and gas-phase chemistry
represented?

P. 7, Section 3.1.2: Comparisons for BC are included here but similar comparisons for
sulfate are missing. The latter needs to be added (e.g. by comparing sulfate concen-
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trations in the Arctic with observations) because much of the subsequent discussion
in the manuscript also addresses sulfate. It is not clear how well the model simulates
non-BC aerosol species. Similar, it is not obvious that simulated results for PM are
realistic. Without validation it would be better to remove results for sulfate and PM from
the paper altogether.

P. 11, L. 23: Figure 10 shows the seasonal cycle of aerosol concentrations at the
surface. A similar figure needs to be added for the vertically integrated amount of
BC in the Arctic. This information is necessary for the interpretation of the relative
contributions of different regions to vertically integrated BC in Fig. 13. The meaning of
relative seasonal variations in Fig. 13 is not clear without this information.

P. 12, L. 10: Please describe what is meant by a "sensitivity analysis". Were simula-
tions repeated with modified/masked emissions using the same meteorology? Did the
approach account for non-linear interactions of aerosols and trace gases from different
regions? Did you verify that BC concentrations from individual model experiments with
modified emissions add up to the concentrations obtained by running the model with
all emissions included?

P. 13, L. 16: Fig. 12 seems to show key results for this study. However, the figure
is confusing and needs to be cleaned up and explained. Several sub-panels are in-
cluded but not explained. Would it be possible to include a table with annual mean
results in order to summarize some of the results in this figure more clearly? Also, it
would be very useful to compare results to multi-model results from AMAP (2015) for
2010. According to AMAP (2015), domestic emissions from East and South Asia are
the largest source of annual mean BC in the Arctic. Emissions from Russian fires, Rus-
sian oil and gas flaring are also important according to AMAP (2015). Contributions
of emissions from Nordic countries and the rest of Europe are much less important
than contributions from Russian emissions. However, results in Fig. 12 show similar
relative contributions for European and Russian emissions. Is it possible that a lack of
Russian oil and gas flaring emissions in WRF simulations might account for this differ-
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ence? Furthermore, the WRF model domain does not seem to include emissions of
BC from fires in Africa and South America. According to AMAP (2015), contributions
of BC emissions from the rest of the world (i.e. mainly Africa and South America) to
Arctic BC burdens are similar to contributions of BC emissions from North America
and Europe. Overall, it seems that results from AMAP (2015) are quite different from
results simulated by WRF.

P. 13, L. 28: Vague. Overall, the context of the study is not clear (air quality vs climate
processes).

P. 14, L. 22: The title of the section is misleading since no transport pathways are
actually analysed in this section. It is not clear how the discussion of concentration
cross sections helps to explain the transport of aerosols to the Arctic without informa-
tion about the simulated circulation. Typically, advection leads to import of BC mass to
the Arctic in some regions and export in other regions (e.g. see Iversen, 1996).

P. 15, Section 4: A critical evaluation of results and comparisons with results from other
studies is missing. Contributions of emissions from different geographic regions and
emission sectors have been studied before (see references in introduction and review
comments above). It is not obvious whether the current study adds any significant new
results?

P. 29, Fig. 1: Please indicate the base year of the emissions. It seems that emissions
due to oil and gas flaring are not accounted for? These emissions are an important
source of BC in the Arctic (AMAP, 2015).

P. 31, Figs. 3 and 4: These figures are confusing and need to be modified or replaced.
First, very large regions with considerable meteorological and chemical variations are
covered by each individual flight track so that mean results for individual flights are
not very meaningful and difficult to compare with each other. Second, what is the
purpose of using a time axis? Can results for individual days be used to understand the
temporal evolution of plumes of polluted air? Finally, the large amount of information
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in the figure is overwhelming. A much better way to present the data would be to
produce plots similar to Fig. SM2, with meteorological variables plotted along flight
tracks. Furthermore, it is not obvious that a comparison of meteorological results is
necessary for the validation of simulated concentrations? Perhaps these figures can
be moved to the supplementary document?

P. 42, Fig. 14: Why are results for dust shown in this figure? Dust has not been
addressed before in the paper. In particular, it is not clear how well the model simulates
dust. Furthermore, the labels in the figure are much too small and so it is not clear what
longitude range is shown. Locations of Eurasia and Siberia are not clear. What are the
units of the concentrations?

Technical corrections:

There are several grammar mistakes. A few examples are given in the following. It will
be necessary to check the text for additional grammar mistakes.

P. 5: L. 9: "been" missing. L. 10: remove "the" L. 11: "an" missing. L. 16: "detail" L. 15:
"The model used..." (past tense) vs "The model includes..." L. 15: missing "a"

P. 7, L. 27: Redundant information. Tables 1 and Fig. SM2 were already mentioned in
the previous section.

P. 8, L. 19: A reference is missing for the MAC value used in the current study.

P. 14, L. 25: "Concentration" instead of "magnitude".

P. 36, Fig. 8: Values on the map are mentioned but are not actually visible in the plots?

P. 38, Fig. 10: What is OPM2.5?

P. 40, Fig. 12: Abbreviations BBSI, BBEU etc. in the figure need to be explained in the
caption. It is not clear what these represent.
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