
Atmos. Chem. Phys. Discuss.,
https://doi.org/10.5194/acp-2017-316-AC2, 2017
© Author(s) 2017. This work is distributed under
the Creative Commons Attribution 3.0 License.

Interactive comment on “Assessment of
co-benefits of black carbon emission reduction
measures in Southeast Asia: Part 2 emission
scenarios for 2030 and co-benefits on mitigation
of air pollution and climate forcing” by Didin
Agustian Permadi et al.

Didin Agustian Permadi et al.

kimoanh@ait.ac.th

Received and published: 28 October 2017

Anonymous Referee #2 Received and published: 11 September 2017

The study investigates the co-beneïňĄts of black carbon and PM2.5 emission reduc-
tions from climate and health related perspectives. Part 1 summaries the development
of South East Asia (SEA) emission inventory, and validation of air quality model, while
part 2 summaries the climate and health beneïňĄts from the reductions of BC and
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PM2.5 in 2030 for SEA. Overall, the paper is written within the scope of ACP and in
a reasonable quality. Major changes, rerun and more in-depth explanation should be
done before accepting for ACP.

Response: Thank you for your comments and suggestions.

General comments: 1) The experimental plan was well established. However, the
model implementation (particularly in the air quality part) was not well delivered. It is
necessary to redo the simulation to resolve that. For example (described in part 1),
CHIMERE only uses 8 vertical layers (up to 5.5 km). How the authors can consider
long-range transport of air pollutants (e.g., PM2.5 and BC), which often happens at
the free troposphere (from 2 km to 16 km – tropic). How the authors come up AOD
only with 5.5 km column? Although I understand that the vertical proïňĄle of aerosol
concentration goes down as increase of height. However, AOD is measured based
on the entire vertical column. The inïňĆuence of missing mid and top- tropospheric
(i.e., about 10 km) concentration could be huge, even with low aerosol concentrations.
This could introduce a huge bias to the results. Moreover, major biomass burning
inïňĆuence occurs at the free troposphere, as plume-rise normally bought biomass
burning BC and PM2.5 up to 6-10km. Without upper layer information, I am not sure
how the authors can consider that. I agree with the authors that for the anthropogenic
emissions, the inïňĆuence of upper layer may not have much impact to the surface.
That is only limited to the case with “no long-range transport”, “no biomass burning”,
and “no tropospheric downwash.

Response: Thank you for your input and we agree that, with the current vertical set-
up, the long-range transport (LRT) that takes place in the free tropospheric layer may
not be captured hence causing bias in the total column AOD and DRF results when
LRT is substantial. However, because of the Planetary Boundary Layer (PBL) in our
domain showed the maximum hourly value of 3,900 m, i.e. below the upper level of
the domain (5,500 km), hence the mixing down effects of the LRT pollution from above
PBL may be partly included. This has been explained in our accompanying paper (Part
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1, now titled as “Integrated emission inventory and modeling to assess distribution of
particulate matter mass and black carbon composition in Southeast Asia”).

We used the previous version of the model (CHIMERE 2008c) with a simplified photol-
ysis rate calculation (Madronich et al., 1998) that assumed the model domain is below
the cloud, hence putting a constraint on model top to be maximum at 500 hPa. In our
accompanying paper (Part I), we recommended for the future studies to use the most
recent version of the model with updated radiative transfer model hence can compute
photolysis reaction rates for extending the model domain vertically beyond 500 hPa.
Regarding the biomass open burning, it was found that the aerosol extinction coeffi-
cient (in the transboundary haze affected sites in SEA observed by the level 2 NASA
Cloud Aerosol Lidar with Orthogonal Polarization (CALIOP)) was not significant above
the height of 5 km (Campbell et al., 2013). Thus, the uncertainty caused by the vertical
model set-up is expected but the effect may be small.

We have added a discussion in the revised MS in lines 19-25, page 6 “Note that, the
current vertical model set-up was taking 500 hPa as the model top hence the simulation
results may not be able to capture the long-range transport (LRT) that took place in the
free tropospheric layer. This may cause underestimation of the simulated results for the
total column BC AOD and BC DRF. However, the biomass open burning emission of
importance in the region, in particular, may not have significant effects on the aerosol
extinction coefficient above the height of 5 km as shown by the CALIOP observations
discussed in Campbell et al. (2013). Therefore, the uncertainty caused by the vertical
model set-up but the effects on the simulation results may not be significant”.

2) Be honest, model performance is very bad for 30 km x 30 km resolution. For exam-
ple, in part 1 Table 3, the RMSE for some of the sites is more than 10 degree Celsius.
The highest could reach 20.5 degree Celsius. I am not sure whether I can trust these
results. Please double check the statistic results.

Response: Thank you for your correction. We checked the results and the situation
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was for the 2 stations in the Philippines that have large missing data and these were
taken as “zero” in the statistical measure calculation (e.g. RMSE) template used. In the
revised version of Part I we recalculated the statistical measures using only the hours
with observation data and results (Table 3, Part I) showed better performance. We also
referred to Part I in the discussion.

3) In order to understand the part 2, more description of the regridding process, and
what spatial interpolation methods (e.g., spatial surrogate) used in the study for gen-
erating the model emissions are important, as the countries in marine time continents
are widely spread. How authors use those regional emissions from 50 km to 1 degree
emission results (e.g., EDGAR or CGRED) to derive 30 km x 30 km resolution for the
simulation.

Response: The emissions from EDGAR and CGRER are available at 0.5◦ x 0.5◦ (50 x
50 km2) resolution. The EI we prepared for the three countries had a resolution of 30 x
30 km2. We used the spatial analysis of “grid conversion” in Geographical Information
System (GIS) to overlay the emission with the land mask map (generated from WRF,
resolution of 30 x 30 km2) to specially regrid the border between land and sea.

We added information in the revised MS lines 13-17, page 4: “The BY2007 emission
data for those countries was taken from the international databases that were provided
at a different resolution (i.e. 0.5◦ x 0.5◦). Therefore, the spatial analysis of “grid con-
version” in Geographical Information System (GIS) was used to convert the emission
data in to the same grid resolution 30 x 30 km2 for the whole domain. The land mask
map that was generated from WRF model with a resolution of 30 x 30 km2 was used to
regrid the emissions in the border between land and sea by assigning zero emissions
to the sea area”.

4) The information from LMDZ/INCA was insufïňĄcient. I can’t ïňĄnd enough informa-
tion to understand the process. Any species mapping table, or cross-referencing table
is available.
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SpeciïňĄc comments 1) P1. L 21, more information on LMDZ/INCA.

Response: Information on the LMDz/INCA model was added in the revised MS in lines
11-15, page 3: “However, the future simulations used the chemistry boundary con-
ditions obtained from global chemistry–aerosol– climate model that couple online the
LMDz (Laboratoire de Météorologie Dynamique, version 4) general circulation model
(Hourdin et al., 2006) and the INCA (INteraction with Chemistry and Aerosols, version
3) model (Hauglustaine et al., 2014) using the global RCP8.5 emissions (Hauglustaine,
2013)”. And lines 18, page 3: “The horizontal resolution is 1.90◦ in latitude and 3.75◦

in longitude”.

However, since we obtained the results from the simulation conducted by Dr. Didier
Hauglustaine (CNRS-LSCE) who was acknowledged in the MS, we did not present the
results of LMDz/INCA in detail but added references for the publications that describe
the model detail configurations.

P2. L21-23, please rewrite the sentence, I don’t fully understand.

Response: The sentence has been re-written as follows (lines 28-30, page 2): “The
results of this study could be useful for policy makers to provide information on the
efficacy of different emission reduction measures and associated co-benefits on air
quality, health, and climate forcing in SEA”.

2) P3. L7, why only 1 year of WRF? Is 2007 a typical average year? Is it a wet or dry
year? Normally, I will do three years simulation for any climate related study since it
has to take into consideration of the interannual variability. Of course, this study relates
more on air quality. I can understand using 1 year data. However, the authors may
need to demonstrate 2007 is an average typical year, in terms of temperature, and
precipitation. Sometimes, ENSO effect may have a huge impact, and may bias the
results in the marine-time continents.

Response: We focused on the air pollutants that have short lifetime in the atmosphere,
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i.e. BC that is a short-lived climate forcing pollutant (SLCPs), hence considered only 1
year simulation. However we also recognize that longer term with multiyear simulation
would provide more representative results. Therefore we added a recommendation in
this MS (also to reflect the reviewer 1 comment) in lines 11-13, page 13: “Multiyear
simulations using the on-line coupled climate – chemistry modeling system should be
conducted to provide a more realistic picture of the impacts resulting from emission
reduction scenarios on air quality and climate in SEA”.

The year of 2007 was selected because it was not affected by the
strong El Niño and La Niña. The Oceanic Niño Index (ONI) anal-
yses found that the year 2007 was categorized as weak La Niña
(http://www.cpc.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml).
The information has been added in the revised manuscript in lines
10-11, page 3: “The base year of 2007 was selected because
it was not affected by the strong El Niño and La Niña events
(http://www.cpc.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml)”.

3) P3. L13, global LMDZ/INCAS has 19 layers, how the authors interpolate the results
into 8 layers CHIMERE results. Is the 2030 case using 2030 boundary conditions from
LMDZ/INCAS. The part 1 paper didn’t mention anything related 2030 scenarios for
LMDZ model. More information should be provided.

Response: The script of prep_bound.f90 (one routine in CHIMERE) read the monthly
concentrations from the global CTM of LMDz/INCA and get the information of the lat-
eral (lat_con) and top boundary (top_con) concentrations. The vertical profile of the
concentration was interpolated to the similar layer (8 layers) set in the CHIMERE simu-
lation. The results for 7 layers in the stratosphere (included in the LMDz/INCA simula-
tion results) were not included in the boundary condition processing. More information
was added in the revised manuscript for the 2030 simulation of LMDz in lines 18-20,
page 3: “Boundary conditions from the LMDz/INCA were processed using the available
routine in CHIMERE to read the monthly concentrations and get the information of the
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lateral (lat_con) and top boundary (top_con) concentrations”.

In Part 1 paper, we focused on the model performance evaluation for the base year of
2007 hence not mentioned about scenarios which are the focus of this paper actually.
Now we added a sentence in the conclusions introducing this paper in lines 21-23, page
12: “This study is a continuation of our previous paper (Permadi et al., 2017a) which
focused on the model performance evaluation for the BY2007. This paper focused on
the development of two emission scenarios for SEA in 2030, BAU2030 and RED2030,
and associated impact assessment on premature mortality and climate forcing”.

5) Moreover, for the Figure S1, the description should be 2030/2007, not 2030/2006.
Also, which case is it for 2030? BAU, RED? Very unclear. Annual concentration or
monthly average (Jan, Aug)?

Response: Thank you for the correction. It was a typo, we corrected the table footnote
to be 2030/2007 and the figure caption of “Annual average. . .” has been corrected to
“Monthly average. . ..” In Figure S1. The figure was modified and now only presents the
ratios between simulated BC (and OC) for 2007 and 2030 by the LMDz/INCA (RCP8.5)
that were used in our study for estimating the boundary conditions. The LMDz/INCA
global simulation for RCP8.5 (including SEA) was used for the extraction of the bound-
ary conditions. We used the ratio of 2030/2007 produced by LMDz/INCA for each
species to scale up the boundary conditions from 2007 to 2030.

An explanation has been added in the revised MS lines 23-26, page 3: “Note that
LMDz/INCA global simulation results for RCP8.5 (including SEA) were used for the es-
timation of the boundary conditions for our SEA domain. We used the ratio of simulated
levels between 2030 and 2007 for each species to estimate the boundary conditions in
2030”.

6) P3. L31, Yes, same EFs for 2007 were used for 2030 may contribute a certain
uncertainty to the projected emission. Will cause increase or decrease? Can the
authors provide more explanation?
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Response: Thank you for the input. We agree that using the same emission factors
contributes to the uncertainty of the projected emissions. In general, we expect the
emission factors to be reduced when new technologies are available in 2030. However,
if the age limit is not enforced for vehicles then aged engine would have higher EF in
the future. An explanation was added in the revised manuscript lines 10-12, page 4:
“In general, we expect the EFs to be reduced in the future with the advance technology
intrusion. Nevertheless, if the age limit is not strictly enforced for vehicles then aged
engines would have higher EF in the future”.

7)P3. L31, Is the projection align well with IPCC projection for 2030 for those local
projections?

Response: We did not follow the IPCC Representative Concentration Pathway (RCP)
scenarios in developing the scenarios for Indonesia and Thailand hence we do not ex-
pect 100% aligning. We found that under the IPCC RCP8.5 scenario for SEA domain,
found a reduction in BC emission by 3.12% as compared with 2007 while under IPCC
RCP6.0 an increase by 2.7% (1.027 times) was shown.

As compared to 2007, our BAU2030 increased the regional BC and CO2 emissions
in 2030 and were well above the increase rate under IPCC RCP6.0 for SEA domain.
We added this comparison in the revised MS, lines 34-37, page 7: “As compared to
BY2007, BAU2030 increased the regional BC and CO2 emissions in 2030 by nearly
1.89 and 1.41 times and were well above the increase rate under Intergovernmental
Panel on Climate Change (IPCC) RCP6.0 for BC and CO2 of 1.03 and 1.23 times for
SEA”. Our national BC and CO2 emission ratios (RED2030/BY2007) were close to the
RCP2.6 scenario and discussion has been added in the revised MS in lines 34-37,
page 8 and lines 1-2, page 9: “Our national BC RED2030 to BY2007 emission ratios
for Indonesia (0.74) and Thailand (0.81) were close to the IPCC RCP2.6 scenario for
the 2 countries of 0.82 and 0.81, respectively. For CO2, the emission ratios were 0.7
and 0.84 which were slightly lower than the IPCC RCP2.6 values of 0.92 and 0.86,
respectively. It therefore shows that the RED2030 is very much aligning with the IPCC
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RCP2.6 hence suggesting that the current master plans in the considered countries
(Thailand and Indonesia) could lead to achieving 2.0◦ target”.

8) P6. L34, recent years, Thailand has started restrict local burning. How this may
affect the projection?

Response: We included the scenario of the policy of Thailand government to ban the
open burning in the RED2030 by reviewing the National Masterplan to Control Open
Burning (MS, lines 32-36, page 4). We took into account the measure to limit the forest
area burned not over 48,000 ha/yr which has been included in the manuscript (Table
S1).

9) P8. L25, as mentioned from the general comments, only 8 layers (up to 5.5km)
may not cover the entire vertical proïňĄle. What may be the impact on this? Also,
from the part 1 of the paper, the BC was well underestimated (Figure 8 in part 1 using
AERONET data). How this underestimations of BC and PM2.5 would affect the results
on the analysis of direct radiative forcing?

Response: We realize the underestimation of PM and BC and that may be caused by
several factors: 1) model vertical set-up, 2) uncertainty (e.g. missing sources) in EI,
and 3) meteorological parameters, as well as gridded averaging effects of the model-
ing results. This may affect the DRF results hence an explanation was added in the
revised manuscript in lines 3-6, page 10: “Note that there are several factors that may
contribute to the uncertainty in estimating the BC DRF, such as underestimation of the
LRT contribution due to the current model vertical set-up, missing sources and other
uncertainty in the EI data and so on. The simulated BC DRF results may be underes-
timated that need to be addressed in future studies”.

10) P9. L19. The authors mentioned the different between BY2007 and 2030 are listed
1.2, 2.4 and 4.3 ug/m3. These results seem falling into the uncertainty range of the
results. As shown in Figure 2 to 5 in the part 1, the modeling errors of BC and PM2.5
are huge (1-5 times lower than observed). Can the authors elaborate more on that?
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How this underestimations may inïňĆuence the results on health impact analysis. In
P5 L13, “CR data was obtained from Smith who indicates that every increase in PM2.5
by 1 ug/m3 is approximately associated with an 1.006% increase in the risk.” How the
model uncertainty affects the risk calculation?

Response: Thank you for the important comment. We recognize this experiment still
has many uncertainties, such as those related to the EI and emission projections. How-
ever, the limited observation data for the performance evaluation is another issue espe-
cially for PM2.5. Therefore, all the uncertainties will be translated into the uncertainty
of the health effect results even though we used in the calculation of health risk the
“∆C”, i.e. not the absolute concentration. The change may reflect the impact of the
intervention (emission reduction).

A discussion was added in lines 25-30, page 11: “The uncertainty of modeled PM2.5
and BC was caused by several factors such as missing sources and other uncertainty
in the EI data, incorporation of LRT, grid average to point-based observation and so on.
In addition, limited observation data available have prevented a more comprehensive
model performance evaluation. These all would be translated into the uncertainty of the
health effect results. Even though we used change in the annual ambient PM2.5 con-
centration (∆C) in the calculation of health risk, the impact of the intervention (emission
reduction) may still be analyzed with a high uncertainty”.

A recommendation for future studies to improve the results of premature mortality by
generating the regional/country specific data such as Concentration Response (CR)
function for PM2.5 has been added in lines 30-32, page 11: “Further, regional/country
specific CR data for PM2.5 should be generated and the uncertainties related to the
modeling results should be reduced to improve the impact assessment of emission
reduction scenarios on premature mortality in the SEA region”.

11) Table 1. Header for PM1. And PM2. Were not showing properly.

Response: Thank you for the correction. We checked Table 1 and it seems OK. Do
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you mean with Figure S2?. The figure was refined accordingly in the revised version.

12) Table 2. Co-beneïňĄts of emission reduction? What kind of co-beneïňĄts? I think
the title should be “summary of emission reduction scenarios for the SEA domain”.
The value of “327 and 472 ug/m3 for hourly maximum seems to be very large. Please
double check.

Response: Thank you. We revised the Table 2 caption to “Summary of emission re-
duction scenarios for the SEA domain”.

We meant co-benefits for reduction in air pollutant concentrations (i.e. associated im-
pact of PM concentration reduction on the premature mortality) and the reduction in
the BC DRF. The hourly maximum PM10 concentration of 327 µg/m3 occurred in the
Borneo Island during the intensive period of biomass open burning, which should be
realistic. The maximum concentration of 472 µg/m3 also occurred in the same place
where the emission from crop residue open burning was assumed to be intensified
under the BAU2030.

Discussion has been now added in the revised MS lines 23-30, page 10: “The simu-
lated maximum hourly concentrations of PM2.5, PM10, and BC under BY2007 were
189, 327 and 39 µg m-3, respectively that increased to 296, 472, and 59 µg m-3 under
the BAU2030. Measures implemented under the RED2030 helped to reduce the hourly
maximum concentrations of PM2.5, PM10, and BC to 146, 247, 32 µg m-3 (Table 2).
The hourly maximum concentrations of PM2.5 and PM10 occurred in the Borneo Island
during the intensive period biomass open burning while for BC it occurred in over the
eastern part of Java Island. Sharp increase in the simulated maximum hourly concen-
trations under the BAU2030 (e.g. PM10 of 472 µg/m3) also occurred in the same place
(Borneo Island) where the emission from crop residue open burning was assumed to
be intensified”.

13) Figure 3. Very strange to see areas outside of Jakartar would have the same
impacts as Jackartar. As shown in Figure 2, ] high concentrations of PM2.5 and BC
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are found in Jakartar, not other places in the island. However, the mortality cases in
Figure 3 are all red for the island.

Response: Thank you for the suggestion. We improved the plot and color scale for the
high mortality rate in the revised version of the manuscript (Figure 3).

Please also note the supplement to this comment:
https://www.atmos-chem-phys-discuss.net/acp-2017-316/acp-2017-316-AC2-
supplement.pdf

Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-316,
2017.
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Figure 1: Spatial distribution of monthly average BC direct radiative forcing for the selected months, 2007 
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Fig. 1.

C13

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Simulated annual average concentrations of BC and PM2.5 for BY2007, BAU2030 and RED2030 in 

µg/m3 

Annual BC BAU2030 

Annual BC BY2007 

Annual PM2.5 BAU2030 

Annual BC RED2030 

Annual PM2.5 BY2007 

Annual PM2.5 RED2030 

Fig. 2.
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Figure 3: Change in the number of mortality cases between BAU2030 and BY2007, and between BAU2030 
and RED2030 (cases/100,000 population) 

 

 

a) BAU2030 vs. BY2007 

b) BAU2030 vs. RED2030 

cases/100,000 

Fig. 3.
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Figure 4: Spatial distribution of annual average BC DRF under BY2007, BAU2030 and RED2030 scenario. 
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b) BAU2030 

c) RED2030 

W/m2 

Fig. 4.

C16


