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Response to reviewer comments Response to Anonymous Referee #1:

We thank Referee 1 for suggesting useful changes that enhance this manuscript.
Please see our responses to comments from Referee 1 below. Referee comments
are in italics.

This is a most interesting paper that examines the health impact of halving anthro-
pogenic black carbon emissions both globally and for different world regions as well
as by sector. The authors calculate avoided cardiopulmonary and lung cancer deaths
associated with chronic PM2.5 exposure using PM2.5 concentrations simulated by the
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MOZART-4 chemistry transport model. They present interesting findings in terms of
mortality impacts per unit BC emissions, and SO4 concentration increases that re-
sult from BC as well as BC+OC emission reductions. They highlight the co-benefit of
BC-related emission reductions that will also tend to reduce OC. They find very little
direct health benefits relating to BC emission reduction outside of the source region.
The concentrations-response factor sensitivity analyses are most useful providing in-
sights into uncertainty associated with health impact estimation. The paper is very
well-written although it contains some very dense text and most of my comments re-
late to improved clarity for the reader.

Thank you. We appreciate these comments and hope our responses to the comments
below improve clarity.

S1) The abstract discusses East Asia (EA) and South Asia (SA) but the rest of the text
discuss EA and IN which is inconsistent. Discuss either IN and CH or EA and SA and
modify the text and Tables and Figures accordingly.

“IN” was chosen as an abbreviation for the South Asia region, which is mainly com-
prised of India, to distinguish it from South America. To improve consistency between
the main text and the Abstract, where there are no abbreviations, we changed the
region names in the Abstract to “South Asia (India)” and “East Asia (China)”:

“Most of these avoided deaths can be achieved by halving emissions in East Asia
(China; 54%), followed by South Asia (India; 31%), however South Asian emissions
have 50% greater mortality impacts per unit BC emitted than East Asian emissions.”

S2) The abstract should mention the results of the sensitivity analyses in section 4. It
would also be very worthwhile to outline the SO4 changes here.

We have added the following text to the abstract:

“We find that reducing BC emissions increases regional SO4 concentrations by up
to 28% of the magnitude of the regional BC concentration reductions due to reduced
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absorption of radiation that drives photochemistry.”

“The choice of concentration-response factor and health effect thresholds affects es-
timated global avoided deaths by as much as 56%, but does not strongly affect the
regional distribution.”

S3) Abstract line 20, section 3.2, page 10666, line 27.section 6, page 10670, line 28.
“impacts of residential BC emissions are underestimated since indoor.. excluded”. Can
you be sure that this statement applies globally or is more likely to apply is developing
world regions? In your main body text could you provide a reference or state for which
regions this underestimate is likely to be most pronounced? In the abstract you could
consider adding “likely” before “underestimated”.

“Likely” has been added before “underestimated” in the abstract. In Section 6, the text
now reads (2nd sentence added):

“Within each region, mortality per unit emission varies little by source sector; however,
impacts of residential BC emissions are underestimates since impacts due to indoor
PM2.5 exposure are excluded. The underestimation is likely most pronounced in areas
of South Asia, East Asia, and Africa that rely on solid fuel combustion for cooking and
heating (Smith et al. 2004).“

S4) section 2.1, page 10658 line 14, .and section 3. 2. page 10666 lines 10-14. It
seems rather strange to discuss 8 major world regions and then “plus the US alone”.
Table 1 doesn’t contain results from “US alone”. Similarly the text in section 3.2 and Fig
S19 seems out of context given the focus on world regions in the paper. I’m not sure
of the added value of this short paragraph of text in section 3.2 (especially as the 2nd
sentence “Compared with : : :” is rather complicated and confusing) and the additional
figure. If kept, this sentence should be explained more clearly and simply if possible
and line 13 “causes avoided deaths in NA to increase” should be re-phrased.

We agree that the US-only reduction is disconnected from the rest of the scenarios and
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results. However, we do believe this scenario is of value, particularly for US policy. We
have therefore moved the discussion of this scenario and the comparison to the North
American reduction to the Supplemental Material.

The previous reference to the US reduction in Section 2.1 has been deleted, and the
following sentence has been added in its place to improve clarity:

“Finally, to isolate the impact of emissions in the United States (US), we examine a
scenario in which BC emissions are halved in the US only and compare the results
with the North American reduction in the Supplemental Material.”

The following text has been deleted from the main text and added to the Supplemen-
tal Material (1st sentence is new), with the phrase “causes avoided deaths in NA to
increase” revised:

“To isolate the impact of emissions in the United States (US), we compare the impact of
halving BC emissions in the entire North America region (includes Canada and Mexico)
versus halving emissions in the US only. Halving NA emissions reduces PM2.5 in that
region by 151 ng/m3 and avoids 4,000 (95% CI, 3,000-5,000) annual premature deaths
(12 per Gg BC reduced), 91% of which occur within the US. Compared with halving BC
emissions in the US only, halving all NA emissions causes 12% more avoided deaths
in NA and 1.6% more in the US, mostly in the Northeast and California near national
borders (Fig. S21).”

S5) section 2.2 page 10659, lines 6-9. “Population.. generally larger, indicating co-
locations compared with OM and SO4”. This conclusion is unclear. The populated-
weighted average values in Table S2 are in all cases larger than the simple average.
A clearer justification of co-location is needed. Quoting the range of values for a factor
that gives the ratio of the population-average to the simple average for the different
chemical species would be more convincing.

We have revised the text to read:
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“Population-weighted average concentrations of all species are 1.2-3.3 times larger
than simple average concentrations, reflecting co-location of emissions and concentra-
tions with population (Table S2).”

S6) section 2.2, having performed a detailed model evaluation, these results should be
commented on, in terms of how they might influence the avoided mortality estimates in
the “uncertainties” section (section 5) of the text.

The following text has been added to Section 5:

“We found that BC and OC concentrations are generally lower than observations in the
US and Europe and for the few available observations in China and India, likely causing
our calculated impacts of halving emissions to be underestimates.”

S7) section 2.3, very briefly outline why you consider only chronic and not acute or
short-term exposure.

A large body of epidemiology literature over the past several decades consistently finds
that both short-term and long-term exposure to PM2.5 is associated with premature
mortality. Cohort studies in which populations are followed over many years generally
find larger mortality effect estimates than are found by short-term time-series studies.
Since cohort studies follow populations over time, both short-term and long-term PM2.5
mortality are captured in the effect estimates, whereas short-term studies are unable to
capture a large portion of risk. Risk estimates from cohort studies are widely accepted
and used by regulatory agencies and researchers around the world to quantify health
impacts of changes in PM2.5. We briefly expand upon the discussion on this in Section
2.3:

“We calculate CRFs using estimates of RR of chronic mortality due to total PM2.5.
The impacts of chronic PM2.5 exposure on mortality are established by a large body of
epidemiology studies and include impacts of both short-term and long-term exposure.
We use RR estimates from Krewski et al. (2009), the latest reanalysis of the American
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Cancer Society PM2.5 studies (e.g. Pope et al., 2002) and the largest among long-term
PM2.5 mortality studies (e.g. Laden et al., 2006).”

S8) section 2.3, if the observed range of concentrations is up to 22.2 ugm-3, how can
linearity be demonstrated to 30 ugm-3?

Linearity was demonstrated by Krewski et al. (2009) to 30 µg/m3using different years
of data (1979-1983 data vs. 1999-2000). To improve clarity, the sentence now reads:

“These RRs were determined for the observed range of concentrations, 5.8-22.2
µg/m3, and the linearity of the concentration-response relationship was also demon-
strated up to 30 µg/m3 based on different years of PM2.5 data (1979-1983; Krewski et
al., 2009).”

S9) section 3.1, the text concerning SO4 changes shown in Fig 5a and S14 are most
interesting. NO3 concentrations seem also to be slightly affected by the BC concentra-
tions, and again the sign of the change is different in the BC and BC+OC experiments.
An explanatory sentence on the NO3 changes would be useful.

The following sentences were added to Section 3.1:

“NO3 and SOA concentrations are also formed in the atmosphere by reaction with pho-
tochemical oxidants. We find changes in regional annual average NO3 concentrations
up to 20 ng/m3 (0.3%) as a result of the BC emission reduction, but no appreciable
change in SOA.”

“We also find mixed directional changes in NO3 (regional increase up to 200 ng/m3,
2.0%) and SOA (up to 47 ng/m3, 55%) that do not necessarily follow the directional
change in SO4 (Fig. 5b).”

S10) section 3.1, page 10664, line 19. It would be useful to add a further sentence
describing the differences in magnitudes between the O3 and OH changes in the BC
vs. BC+OC simulations.
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We added percentage changes in global annual average concentration for O3, OH,
H2O2, and SO4 to illustrate the differences in magnitude.

For the 50% global BC emission reduction:

“Through these reactions, increased concentrations of OH (global annual mean in-
crease of 0.34%), O3 (0.03%), and H2O2 (0.12%) in response to BC emission reduc-
tions lead to enhanced SO4 production (0.13%).”

For the 50% global BC+OC emission reduction:

“We find increases in OH (global annual mean increase of 0.81%) and O3 (0.44%) con-
centrations but decreases in H2O2 concentrations (-0.34%), resulting in mixed effects
on SO4 (-0.07% globally; Fig. S18).”

S11) section 3.1, page 10664, lines 19-26, this text is confusing and rather detailed.
Describe the results of this paper, and then examine how they compare with a previous
study rather than the other way around.

The mortality results for halving BC are described before the comparison with the previ-
ous study in the first paragraph of Section 3.1. The mortality results of halving BC+OC
are also described before the previous study comparison as 8 times larger than the re-
sults of the BC-only emission reduction. We have now also added the value of BC+OC
mortality results (1.2, 95% CI, 0.9-1.5 million global premature deaths avoided):

“These PM2.5 reductions are associated with ∼8 times more (1.2, 95% CI, 0.9-1.5
million) global premature deaths than is estimated for halving BC alone (Table 1).”

S12) The scales on Figs 4 and 6 (also for Figs.S15-S18) are not the most informative;
can these be revised?

The diverging scale is useful to show areas where BC reductions increased total PM2.5
and PM2.5 mortality. However, areas of red (PM2.5 and mortality increases) were
not pronounced using a symmetrical color scheme since their magnitude was much
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smaller than the magnitude of the decreases. We have thus retained the diverging
color scale for Figs. 4 and 6 but compressed the negative portion of the scale to
emphasize the areas where PM2.5 and mortality are estimated to increase. We hope
this results in a more informative scale.

We have elected not to change the scales for Figs. S17-S20 (previously Figs. S15-
S18), since the diverging color scale is useful to show positive and negative changes
across the different emission reduction experiments.

S13) Figs S4-S8 concerning PM2.5 = BC+OM+SO4+NO3; Fig S4 shows maximum
PM2.5 concentrations of _50 ugm-3 over EA. But the addition of maximum values for
the individual PM 2.5 components as given by the scales in Figs S5-S8 fall somewhat
short of this (_10ugm-3). If there is no missing PM 2.5 component (?), then the scales
in either Fig S4 or Figs S5-S8 are misleading. Can these be revised?

This issue is an artifact of the scales chosen to best display the information on each
map. Since it may be misleading, we have changed the scale on Fig. S4 to have a
maximum of 40 µg/m3, the total of the maximum values on the color scales for Figs.
S5-S8.

S14) Figs S9-S10, the text in section 2.2 discusses the results of these figures in terms
of underestimates and overestimates model results. However the plots have a large
number of green-coloured points. It is impossible to know if these points represent
underestimates or overestimates due to the choice of scale which spans negative to
positive values). Revise this colour scale for clarity and text in Section 2.2 if necessary.

The color scale for these figures was chosen to emphasize the points with the largest
discrepancies (positive or negative) between the simulated and observed concentra-
tions. Although that comes at the expense of differentiating the points in the middle
of the spectrum, the points in the middle are those that have the greatest agreement
between simulated concentrations and observations. Since we are comparing very
large gridcells to point measurements, any close agreement between simulated and
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observed values indicates that the model produces reasonable concentrations, regard-
less if the slight discrepancy is positive or negative. We have elected to maintain the
color scale since the values of greatest importance for understanding potential model
biases are those at the extreme ends of the scale.

S15) Fig S17 doesn’t look much different from Fig S15, is it necessary? Figures S19
(previously Fig. S17) and S20 (previously S18) are included to demonstrate that BC
affects oxidant and sulfate concentrations not just for the global emission perturbation
scenarios, but also for the regional scenarios. Figure S17 (previously S15) looks simi-
lar to Figure S19 because global emissions are so dominated by emissions from East
Asia; therefore the pattern of concentration changes for the East Asian emission reduc-
tion scenario is similar to the concentration changes from the global emission reduction
scenario. We do believe that both figures are necessary to support our explanation of
the oxidant and sulfate changes resulting from BC emission changes.

Technical corrections: T1) Abstract, line 6 insert “individually” or some other phrase
before “from eight world regions” for clarity.

Added “individually”

T2) Abstract, line 16: “Globally : : :1.3, 1.2”. This sentence is difficult to follow. The
fuller explanation given in section 3.3 would be useful here.

Added sentence in abstract from Section 3.3 (1st sentence below):

“Globally, halving residential, industrial, and transportation emissions contributes 47%,
35%, and 15% to the avoided deaths from halving all anthropogenic BC emissions.
These contributions are 1.2, 1.2, and 0.6 times each sector’s portion of global BC
emissions, owing to the degree of co-location with population globally.”

T3) section 2.1 page 10658, line 18 “Because each source” – add at least “emissions”
and be more specific if possible.

Added “emissions”
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T4) Section 2.2 page 10659, lines 18-20. Give the years and number of sites for
IMPROVE and EMEP to be consistent with the information provided for the China and
Indian sites. The text “surface observations ..outside : : :Europe are limited”. However,
the number of EMEP sites used (for BC at least in Fig 3) is about the same or less as
for India or China. Re-phrase the text to reflect this.

Added the number of sites for IMPROVE and EMEP, and moved the sentences per-
taining to years of observations to directly follow:

“We therefore compare simulated concentrations to surface observations mainly in re-
mote locations from the Interagency Monitoring of Protected Visual Environments (IM-
PROVE; http://vista.cira.colostate.edu/improve/) network for the US (134 monitors) and
the European Monitoring and Evaluation Programme (EMEP; http://www.emep.int/)
network for Europe (13 monitors for BC and OC, 75 for SO4). Although we simulate
2002 for our base case, for the model evaluation only, we ran the base case through
2003 to leverage additional observations from IMPROVE (available for both 2002 and
2003) and EMEP (available for July 2002-June 2003).”

Removed the sentence on surface observations outside the US and Europe – it was
unnecessary.

T5) Section 2.2 page 10659, line 23. “Each of these: : :” , clarify if “these” includes
also IMPROVE and EMEP measurements or not.

Changed “Each” to “All” to make clearer that the statement does include IMPROVE
and EMEP.

T6) Section 2.2 page 10660 lines 5-16. Add “USA” after “after “Northeast” etc and
“Europe” after “in the West”, to avoid confusion with World regions.

Clarified text by adding “US” and “Europe” after geographic references.

T7) section 2.2 page 10660, lines 15-25, clarify text concerning “lower and “higher”
simulated values as compared to observations. Are simulated BC concentrations for
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EMEP locations not always lower in Fig 3? Add generally” before higher” when referring
to SO4 for EMEP locations in Fig. S10. In Fig S11 simulated values are not always
lower for regional and urban locations. Relate the sentence “Measurement methods :
: : potentially higher EC than : : :EMEP” to the results in Fig 3.

Changed “generally lower” to “lower” for the EMEP comparison of BC.

Added “generally” before “higher” for EMEP comparison of SO4.

Changed “lower” to “often lower” for regional and urban locations in Fig S13.

Added reference to Fig. 3 for the “Measurement methods. . .” sentence.

T8) section 3.1, page 10663, line 7, add “by” before “25-49”.

Added “by”

T9) Section 3.1 page 10663, line 11. Fig 6 is not described where it is referenced and
is not that informative with its current scale. (see comment S12).

Rearranged the text to reference Fig. 6 where it is stated that >80% of deaths occur in
EA and IN:

“We estimate that these PM2.5 reductions would avoid ∼157,000 (95% CI, 120,000-
194,000) annual premature deaths worldwide (Table 1), over 80% of which occur in EA
(81,000, 95% CI, 61,000-100,000) and IN (48,000, 95% CI, 37,000-59,000; Fig. 6).”

We addressed the scale issue in our response to S12.

T10). Check % or ratio results in sections 3.2, 3.3 and 6 as compared to the values
entered in Table 1, Table 3 or given earlier in the text. Page 10665 line 7- 33% 32% is
correct. Page 10667 line 4- 1.3 The 46% and 1.3 ratio for residential should be 47%
and 1.2 Page 10667 line 9- 15%, 19%, 59% Should be 15%, 20%, and 60% Page
10670, line 21- 54% 54% is correct. The 53% given in Section 3.2 is also correct. The
difference is due to the fact that when BC emissions are reduced in EA only, there
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is a PM2.5 mortality increase in NA, EU, and AF/ME (negative values), causing the
estimated deaths in the EA receptor region to be a larger percentage of the total (54%
vs. 53% occurring in the EA receptor region when all global BC emissions are halved).

T11) section 3.2, page 10665, lines 25-26, add a reference to Table 1 here; values in
Table 1 are slightly different from the values given in the text.

The correct reference is Table 2, which we have now added. Values in Table 2 (and here
in the text) are slightly different from those in Table 1 because of the increase in PM2.5
mortality in some regions following regional BC emission reductions. For example,
when all global BC emissions are halved, SO4 increases slightly in EA causing the
total PM2.5 mortality reduction to be 81,000, compared with 85,000 when only EA
emissions are reduced.

T12) section 3.2 page 10666, line 2), refer to Table S3 here.

Added reference to Table S3.

T13) section 3.2, page 10666, lines 7-9 “This is likely : : :smaller –per- unit: : :”, this
sentence is confusing; is Table 2 the right Table to refer to?

Revised text to read: “Reducing BC emissions in IN is more effective at reducing within-
region PM2.5 (2.1 ng/m3 PM2.5 reduction per unit BC emission reduced in IN versus
1.3 in EA; Fig. 1 and Table 2). IN also has higher baseline cardiopulmonary mortality
rates (Table S3).”

T14) section 3.3, page 10666, line 19. Fig 1 does not have a global category- this
would be useful.

Added global category to Fig. 1.

T15) section 3.3 page 10667, line12, this text is a repeat of text at the beginning of that
paragraph.

Removed this sentence.
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T16) section 3.3 page 10667, line16, “the same pattern”- be more specific do you mean
the same ranking? Re-phrase “The only exception: : :”

Changed “pattern” to “ranking.” Revised “The only exception. . .” to read: “However,
reducing BC emissions from the transportation sector in EA has a smaller per unit
impact on mortality relative to the residential and industrial sectors.”

T17) section 4, page 10667, line 26, is “much higher” more appropriate?

Added “much”

T18) section 4, page 10668, line 4, “marginal” is confusing.

Changed “marginal” to “per-unit”

T19) section 4, page 10668, line 11, add “as compared to the standard 50% global BC
reduction experiment” for clarity.

Added ”compared with no threshold.”

T20) section 4, page 10668, line 16, it is difficult to see any reduction for SE/AU- is it
worth mentioning?

We believe it is worth mentioning to demonstrate that the regions where estimated
deaths are affected by the low-concentration thresholds are the least polluted, even if
the difference is only slightly visible on the figure.

T21) section 5, page 10669, line 10, re-phrase “and a component of OM”.

Rephrased to “and the primary component of OM”

T22) Fig 2- it is difficult to see any BC contribution (3-5% is stated in section 2.2) in
most regions in Fig 2. Is it possible to enlarge the figure or expand the low values for
clarity?

We considered artificially increasing the BC concentration (e.g. x2 or x10) so that
fraction is more visible on the graph, but since concentrations of each component are
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given in Table S2, we felt doing so might add confusion without adding too much value.

T23) In the caption for Fig 3, re-iterate what the dashed lines represent.

Added “Dashed lines represent the 1:2 and 2:1 lines indicating agreement within a
factor of 2.”

T24) In the captions for Figs. 5 and S15, add that negative values represent increases
for clarity.

Added “Negative values indicate increases.” to the captions for Figs. 5, S16 (previously
S14), and S17 (previously S15).

T25) In the caption for Table S2, it would be helpful to remind the reader than the total
PM2.5 values are given in Table 1.

Added “Total PM2.5 values are given in Table 1.” to the caption for Table S2.

T26) What do the black colours in Fig S15. represent?

The color scale in Figs. S17-S20 (previously S15-18) has been corrected so that the
black areas are now dark red as they should be.

Please also note the supplement to this comment:
http://www.atmos-chem-phys-discuss.net/11/C6285/2011/acpd-11-C6285-2011-
supplement.pdf

Interactive comment on Atmos. Chem. Phys. Discuss., 11, 10653, 2011.
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