
Response to Reviewers: Reducing future air pollution-related premature mortality
over Europe by mitigating emissions: assessing an 80% renewable energies sce-
nario

Reviewer ]15

The authors have investigated premature mortality changes due to PM2.5 over Europe under present and future conditions. [...]
It is an interesting paper that separates different causes of premature death including climate changes, emission changes due to
mitigation to renewable energy, and population changes.
A: We would like to acknowledge Reviewer ]1 for the very positive view on the manuscript and fruitful comments. Please find10
below our item-by-item response to the concerns raised.

Major comments

1. The authors said their results are in agreement with the results of Andersson et al. (2009) and Crippa et al. (2019) without
giving any numbers of previous studies (line 211). The authors estimated premature deaths due to PM2.5 over Europe
to be 895,000, which is a lot higher than 546,000 of Andersson et al. (2009) and 210,000 of Crippa et al. (2019). As15
referee ]2 pointed out, this value is also higher than 647,000 of Burnett et al. (2018) with the same GEMM method.
Values from those three previous studies are even below 725,000 which is the lower end value of this study in terms of
95% confidence interval. The authors should give the reason or justify their premature death calculations.
A: The reviewer is right. The difference in the estimated premature deaths comes mainly from the domain covered in our
simulations. In this sense, the domain covers the most populated areas or Russia or Turkey, which were not included in20
the studies of Andersson et al. (2009), Burnett et al. (2018) or Crippa et al. (2019). The statement that indicates that our
results are in agreement with those of previous works (despite several methodological differences and baseline periods)
refer to the same area of study. This has been clarified in the revised version of the manuscript.

2. Following up on the comment ]1, the reason could be due to the old aerosol scheme (GOCART) used in this study,
which was developed 20 years ago (Table SM1). [...] The model overestimated the observed AOD over Europe (Figure25
2 in Palacios-Pena et al., 2020), and I speculate the surface PM2.5 might also be overestimated similarly in the model,
which made higher premature deaths of this study compared to previous studies (comment ]1). However, premature
deaths are calculated by PM2.5, not AOD. The authors should evaluate their model against the observed surface PM2.5,
especially when using the 20-years old aerosol scheme.
A: The model has been previously evaluated against ground-based observations of PM2.5 in a number of works (e.g.30
Jerez et al., 2013; Ratola and Jiménez-Guerrero, 2016, Im et al., 2018). These results indicate a slight tendency of the
model to underestimate the levels of PM2.5 over the target domain, despite AOD is slightly overestimated (as indicated by
the Reviewer). Part of this discrepancy could be ascribed to the methodology for estimating AOD in the work of Palacios-
Pena et al. (2020), which relies on Malm et al. (1994). Therefore, the higher number of premature deaths estimated on
this contribution cannot be related to the overestimation of ground-level PM2.5. We agree with the reviewer that this35
information is useful in the text. Hence, instead of including a full evaluation of the PM2.5, the following paragraph has
been included in the revised version of the manuscript:

“The parameterizations implemented in the WRF-Chem model are summarized in Table SM1 of the Supplementary Material. The robustness of this
simulation for representing particulate matter or its chemical components was evaluated in other works, which rely on the same data and include the
assessment of the integrations (e.g. Jerez et al. (2020); Palacios-Peña et al. (2020); Pravia-Sarabia et al. (2020); Jerez et al. (2021); López-Romero et al.40
(2021), among others). For instance, the validation of the modelling system used revealed negligible errors for PM2.5 over large areas of Europe but a
tendency underestimation, especially over northern Germany and the central and western Mediterranean (around -0.2 to -0.4 µg m−3) when compared
to stations belonging to the EMEP air sampling network (Jerez et al., 2013). In addition, Ratola and Jiménez-Guerrero (2016) found that the modelling
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system provided consistently mean fractional biases (MFB) and mean fractional errors (MFE) in the range of 20-30% and 30-60%, respectively, when
evaluating a PM2.5 component (BaP) against against EMEP stations in Europe. These results support the use of this modelling system as a good45
depiction of PM2.5 air concentrations and as a valid tool to provide information for health studies, as those presented in Tarín-Carrasco et al. (2019);
Tarín-Carrasco et al. (2021), which rely on these very simulations.”

3. It is unclear whether the authors included biomass burning emissions in the simulation. I think biomass burning con-
tributes relatively a small fraction of PM2.5 mass over Europe ( 10-20%), but it can be an important source especially50
when PM2.5 changes are less than 1.0 µg m−3 (Figure 4). Because RR in eq (1) has a non-linear response to PM2.5
concentration, the correct representation of biomass burning can be also important to accurately calculate premature
death.

A: The reviewer raises an interesting point. However, biomass burning emissions in the simulations are derived from
a climatology and have been neglected in our simulations, due to the difficulties to estimate future biomass burning55
emissions. This is a limitation of this work with has been discussed in the conclusions.

4. The authors did a good job in calculating emissions for 80% renewable energy scenario (REN80). However, in reality,
there will be reductions in emissions from other sectors as well, similar to what we observed from 1990 - 2017 trends over
Europe (https://www.eea.europa.eu/data-and-maps/indicators/main-anthropogenic-air-pollutant-emissions/assessment-6).
One example could be vehicle emissions, emission factors of recent vehicles (EURO-4 or EURO-5) were significantly60
decreased compared to old vehicles (EURO-1 or EURO-2) (Figure 4 in Huang et al., 2018). This means that baseline
PM2.5 will be different in the future. Not only differences in PM2.5 but also baseline PM2.5 is important in calculating
changes in premature death, as the RR function is non-linear. For example, PM2.5 changes of 15 -> 10 µg m−3 would
give different premature death changes compared to PM2.5 changes of 10 µg m−3 -> 5 µg m−3.
A: We strongly appreciate the valuable comment of Reviewer ]1. We fully agree with the reviewer. The strong non-65
linearity of the RR function may lead to important differences in future scenario. However, this contribution intends to
provide a sensitivity analysis of the impacts of renewable energies on the power-generation section. Changing baseline
PM2.5 emissions in the future (for instante, introducing projected changes in EURO-x emissions in vehicles) does not
allow to isolate the impact of mitigation policies aimed at enhancing the implementation of renewable energies in the
power generation sector. Therefore, despite we fully agree with the reviewer in the sense that a very interesting study70
would be to project future baseline emissions. However, this is beyond the scope of this contribution.

5. In Section 3.3, the authors explain the main reason for PM2.5 changes is precipitation and wet scavenging. This is also
conclusion ]1 of their paper. This is an important finding that climate can cancel/enhance PM2.5 changes in a specific
region of Europe. However, no figures were presented in the manuscript. Please consider a more detailed discussion on
changes in precipitation and resulting PM2.5 with figures (wet deposition fields would be best) if possible. And does the75
cloud also affects PM2.5 through changes in photochemistry, or only precipitation is important?
Despite the decrease in precipitation (and consequent enhancement of the wet scavenging) is documented in the text
(Section 3.3), we have included a new Figure of precipitation changes in this section (wet scavenging was unfortu-
nately not stored in the database), as suggested by the Reviewer. As indicated in the cited works, precipitation leads the
modifications of PM2.5. This has been clarified in the revised version of the manuscript.80

Minor comments

1. Section 2.1. Chemistry models typically simulate dry aerosol mass, but I think aerosol liquid water should also be
included in mortality calculation. How did the authors calculate aerosol liquid water in addition to dry aerosol mass?
A: The reviewer is right, and models typically simulate dry aerosol mass, and it is this value which is used by the cited
works in this contribution (Silva et al., 2016; Lelieveld et al., 2013, 2015, 2019; Tarín-Carrasco et al., 2021, among many85
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others). Therefore, it is PM2.5 dry aerosol mass which is used for the estimations presented here. This has been clarified
in the revised version of the manuscript.

2. Table 2 nicely shows emissions from the energy sector for two scenarios. Please consider adding anthropogenic emissions
from other sectors in another column, so that readers can see the effects of REN80 on total anthropogenic emissions over
Europe. The Sum of all other sectors could be OK, although the emission from each sector would be preferred.90
A: We agree with the reviewer’s suggestion. This information has been included in the revised version of the manuscript.

3. Line 207: What are the natural sources the authors referring to? Does it biogenic VOCs? biomass burning? dust? or sea
salt?
A: Natural sources refer to dust, sea salt and biogenic VOCs. Following the reviewer’s suggestion, we have clarified it in
the revised version of the manuscript.95

4. Line 215: Please provide the quantitative numbers from the previous study.
A: In the cited Silva et al.’s work, there is not an exactly quantitative assessment, but a clear identification of the Benelux
as the European region with the highest excess mortality rates associated to air pollution. This has been clarified in the
the reviewed version of the manuscript.

5. Line 245: Can authors provide RR function shape to show sensitivities of different disease categories to changes in100
PM2.5?
A: A graphic including the RR function shape has been included in the revised version of the manuscript.

6. Figures 7 and 10: In some panels (a, c, d, e), I can’t see differences due to the color scale. It looks like the color scale is
adjusted for panel f). Please consider adding a colorbar under each panel with a different color scale.
A: For the sake of clarity in the comparison of the different panels and figures, we humbly believe that keeping the same105
colorbar for all the panels can help interpreting the importance of each endpoint and their comparability. However, for
the sake of clarity, and following the reviewer’s advice, we have used a different colorbar for the total endpoints (panel
f).
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Reviewer ]2
110

General: Tarin-Carrasco et al. use WRF-Chem to study emissions scenarios and subsequent impacts on human-health through-
out Europe. [...] I outline my comments below and attempt to provide guidance, where possible.
A: We would like to acknowledge Reviewer ]2 for the very positive view on the manuscript and fruitful comments. Please find
below our item-by-item response to the concerns raised.

115

Specific/Major Comments:

– The REN80 scenario is framed as an “80% renewable energies scenario.” However, this scenario only considers emis-
sions from the energy sector. Meanwhile, mobile, residential, and industrial emissions are left alone. This seems to be
an important oversight since these other sectors have clear impacts on the trajectory of the energy sector. For example,
vehicular electrification. If adoption of electric vehicles expands, as is expected, this will have a large effect on the energy120
sector. If residential heaters using wood combustion are replaced with electric heaters, that too would have a massive
impact on primary PM emissions. It seems the title of the manuscript does not quite match the contents. [...]
A: We agree with the comments raised by the reviewer. In this sense, the title of the manuscript has been changed
as suggested by the Reviewer to “Reducing future air pollution-related premature mortality over Europe by mitigating
emissions from the energy sector: assessing an 80% renewable energies scenario”125

In addition, what’s notable to me is that we are today (i.e. 2021) closer to the “Future” time slice (only 10 years away
from 2031) than the “Present” time slice (11 years away from 2010). [...] Why are the older RCP scenarios used and not
the newer SSP scenarios? Why is the RCP 8.5 scenario used when it is such an unlikely scenario (Hausfather and Peters,
2020)? If one of the more “likely” scenarios were used, perhaps much of the reported climate penalty in the Iberian
Peninsula would diminish.130
A: The reviewer raises an interesting point. As commented in the manuscript, the results derive from the REPAIR
initiative, sent for evaluation in 2015 and funded later by the Spanish Ministry. That project aimed to provide a large
database of different scenarios and model set-ups (over 500 years of simulations). At the moment the simulations started,
there was not information provided by the newer SSP runs so RCP scenarios were implemented. At the same time, the
reference period chosen agreed with that selected by the IPCC in their AR5 for some studies (1991-2010 and 2031-135
2050), and RCP8.5 was a feasible scenario (despite it represented the top of the forcings included in the RCPs). Because
of that, and the large time needed for regional air quality-climate simulations (over three years), the simulations included
here used the RCP8.5 scenario. We are aware that that might be a limitation of the study, and hence this is discussed in
the Conclusions section.

– Also, please indicate in Table 3 which year of ACCMIP emissions were used for each case. I believe the FUT-P2010/50140
simulations used present day emissions from ACCMIP, but it isn’t clear to me.
A: ACCMIP emissions refer to the year 2000. The reviewer is right: FUT-P2010/50 simulations use present-day ACCMIP
emissions. This has been clarified in the revised version of the manuscript.

– Health impact assessments associated with air pollution exposure traditionally report results in terms of premature deaths.
Premature deaths are a tangible number that is easy to understand (unlike YLLs and DALYs, in my opinion). However,145
issues can arise when attempting to communicate health burdens attributable to air pollution exposure. [...] I believe the
authors have an opportunity to (and should) update the presentation of their results in a way that can help the community
more broadly communicate the health burden associated with air pollution exposure. [...] I believe health impacts reported
in terms of decrements of life expectancy can mitigate the influence of non-air pollution exposure effects. [...]
A: We agree with the reviewer’s comments. We are aware that presenting health impacts associated to premature deaths,150
the results can be skewed by changes in the size of the underlying population and age structure. We discussed largely
among the authors on how to present the results, and we humbly believe that the pros in terms of social communication
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of presenting the information of premature deaths per 100,000 habitants (despite they can be conditioned by the age
structure) are larger that the cons related to the difficulty to interpret other parameters as years of life lost, or decrements
of life expectancy. So, we humbly believe that results are easy to interpret and analyze the way they are presented in the155
manuscript (both in terms of premature deaths and deaths per 100,000 habitants).

– The present-day health impact numbers reported here are noticeably high: 895,000 for Europe. For example, Burnett et
al. 2018 report 647,000 premature deaths for Europe. Does the WRF-Chem set-up used here have a high PM bias? I’m
curious, why not use “observed” PM from one of the various satellite products and apply the change in PM calculated
from the CTM to one of those datasets? Essentially, use the CTM to calculate the sensitivity of each scenario and apply160
to “observations.”
A: The results of the model validation, showing a good skill of the model for representing PM2.5, are now included in
the revised version of the manuscript (please see the Answer to Question 2 of Reviewer ]1).

– The differences in endpoint are discussed throughout the manuscript, including how the proportions change over time
(e.g. much of Sections 3.5.1, 3.4, and Fig. 6). However, I believe the same baseline mortality rates (y0 in Eqn. 1) are165
used in both “present” and “future” simulations. It seems that these comparisons are difficult to make under those as-
sumptions.
A: The reviewer is right. y0 refer to the same in both period because of extreme difficulty to provide an accurate estima-
tion of future y0 due to its dependency of factors as the economy or sanitary aspects on the countries. We are well aware
that this is a limitation of this type of studies, and as that it has been highlighted in the Conclusion section.170

Technical/General Comments:

– “Worldwide air quality has worsened in the last decades as a consequence of increased anthropogenic emissions, in
particular from the sector of power generation.” Worsening air quality has certainly been the case in some locations, but
far from all. For example, air quality in China, home to nearly ≈20% of the global population, has dropped precipitously
in the last decade.175
A: We fully agree with the reviewer’s comment. The sentence has been rephrased.

– An 80% renewables adoption only yields a reduction in PD of 4%. That is a surprising result and likely because the 80%
scenario only considers the power generation source of emissions in a present-day environment.

A: We strongly appreciate the valuable comment of Reviewer ]2. This contribution intends to provide a sensitivity
analysis of the impacts of renewable energies on the power-generation section. Changing baseline PM2.5 emissions180
in the future including changes in other sectors does not allow to isolate the impact of mitigation policies aimed at
enhancing the implementation of renewable energies in the power generation sector, which is precisely the aim of this
contribution.

– Line 34: exposition > exposure
A: This has been corrected in the revised version of the manuscript.185

– Line 36: define “this pollutant”
A: This has been defined in the revised version of the manuscript.

– Line 37: stablished > established
A: This has been corrected in the revised version of the manuscript.

– Line 41: As constructed, this sentence is really confusing. First, the respiratory impacts that are cited are for ozone, not190
PM. Second, why cite global numbers when that table has European numbers and that is the focus of the effort here?
A: This has been corrected in the revised version of the manuscript.
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– Line 44: As constructed, this 70% number is incorrect. 70% of global mortality (i.e. total mortality) is not attributable
to PM. That would be something like 45-50 million premature deaths a year. Do the authors mean 70% of air quality
attributed mortalities are attributable to PM? I do not know, please re-visit that citation.195
A: This has been clarified and corrected in the revised version of the manuscript.

– Line 57: Please revise the writing of “In Europe, despite agriculture is the sector”: it is confusing as written.
A: This has been corrected in the revised version of the manuscript.

– For each case considered, are the 20-years of simulation simply averaged together? This should be noted in Section 2.3.
A: Estimations are calculated for each year and then averaged for the 20-year period. A statement clarifying this has200
been added in the revised version of the manuscript.

– Line 161: The PM decrease is strictly a primary PM decrease. I suspect secondary PM to be the dominant source of
PM exposure. With that said, how is this primary PM SPECIATED and are there volatility assumptions for the organic
portion?
A: PM speciation and volatility assumptions used can be found in Im et al. (2015). Evaluation of operational online-205
coupled regional air quality models over Europe and North America in the context of AQMEII phase 2. Part II: Particulate
matter. Atmos. Environ. 115, 421-441. This reference and the information within has been introduced in the revised
version of the manuscript.

– Table 3: Indicate which year of ACCMIP emissions were used for each case.
A: ACCMIP emissions refer to the year 2000. This has been introduced in the revised version of the manuscript.210

– Line 188: “cities” written twice.
A: This has been corrected in the revised version of the manuscript.

– Line 194: Do the authors mean “decrease” in the REN80 scenario? I see a decrease in Fig. 4 over the Baltic states.
A: We appreciate the reviewer’s observation. The reviewer is right, and that has been corrected in the revised version of
the manuscript.215

– Line 212: Crippa et al. (2019) seems to indicate around 260,000 for Europe, far less than 895,000.
A: As indicated previously, the numbers reported by Crippa et al. (2019) leave out of the target domain important areas as
Turkey or Russia, which have been included in our contribution. In addition, the numbers obtained by Crippa et al. (2019)
are in the lowest range of the scientific literature included in this contribution (e.g. 647,000 premature deaths estimated
by Burnett et al., 2018). The difference in these numbers has been detailed in the revised version of the manuscript.220

– Something seems strange in Fig. 7. For example, Poland. It essentially has no shading in panels a)-e). However, it is
full of red in panel f). Same throughout the Balkans and Eastern Europe. Is panel f) not the summation of panels a)-e),
because this figure seems to say no.
A: For the sake of clarity in the comparison of the different panels and figures, we humbly believe that keeping the same
colorbar for all the panels can help interpreting the importance of each endpoint and their comparability. However, for225
the sake of clarity, and following the reviewer’s advice, we have used a different colorbar for the total endpoints (panel
f).

– Section 3.5: Several times, “FUT-2050” was used. That should be “FUT-P2050”. There is a lot of repetition in Sections
3.4 and 3.5.1.
A: We appreciate the reviewer’s observation. This has been corrected in the revised version of the manuscript.230

– Figure 10: A “P2050” case is mentioned in the figure description. Please keep all scenario names consistent (i.e. only
use Table 3 names).
A: This has been corrected in the revised version of the manuscript.
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– Line 308: These few sentences on lung cancer are highly speculative. I recommend deleting them.
A: These sentences have been deleted in the revised version of the manuscript.235

– I recommend getting rid of the log-scales on Fig. 11. That presentation tends to exaggerate the age bins that have minor
impacts (younger ages) and deflate the age bins where most impacts occur (older ages).
A: Figure 11 has been modified in the revised version of the manuscript.

– Line 339: “trusting” is a strange word to use here.
A: This has been changed in the revised version of the manuscript: ”So, mortality will importantly increase in the future240
scenario, but establishing mitigation policies based in renewable energies could reduce the number of PD, being easter
Europe the most benefited area."

– Line 340: easter > Eastern
A: This has been corrected in the revised version of the manuscript.
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