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We thank very much for the valuable comments and suggestions from reviewer 2,
which help us improve our manuscript. The comments were carefully considered and
revisions have been made in response to suggestions. Following is our point-by-point
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responses to the comments and corresponding revisions.

Reviewer #2

1. This manuscript presents the development and evaluation of detailed emission in-
ventories for major anthropogenic emission sources in Jiangsu Province, China. Emis-
sion is one of the major sources of uncertainty chemical transport modeling in China,
where air pollution poses increasing threat to public health. Although it focuses only
on one province (a relatively small emitter), which limits its scientific value to the broad
ACP readership, this work could help establish procedures to develop and improve
similar emission inventories in other provinces in this region. This manuscript could be
improved in several key aspects to meet the requirements ACP. First, the presentation,
in the current form, needs to be polished. There are several places in the text that
the expression is either ambiguous or confusing. Second, the manuscript lacks de-
tailed information on how these inventories were compiled (formula, parameters, etc),
and where to find the key information to verify or reproduce the results reported here.
Third, some of the materials included here are not relevant to the main theme. For
example, the sensitivity of ozone and PM2.5 to 50% reduction of NOx and VOC emis-
sions has nothing to do with development and evaluation of the emission inventories.
The authors may consider either broadening the theme (development, evaluation, and
application of the EIs) or removing the sensitivity section. Finally, the interpretation of
some results need to be toned down or adjusted.

Response and revisions:

We appreciate the reviewer’s crucial and important comments. In general, the presen-
tation of the work has been improved, based on specific comments/suggestion from the
reviewer. Detailed information on emission inventory development has been added, as
indicated in the response to Questions 4, 7, 9, and 11 from the reviewer. In particular,
Table S1 has been expanded and a new Table S3 has been added in the supplement
to provide more detailed information on data sources of activities and emission factors.
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We also take the reviewer’s suggestion and broaden the theme by adding the word
“application” in the title of the paper. Uncertainties of the analysis have been also dis-
cussed to avoid overstatement of the work, as indicated in the response to Questions
14 and 16 from the reviewer.

2. L6: process(es).

Response and revisions:

We thank the reviewer’s reminder and it is now corrected.

3. L26-30: Please reword this sentence. Define “unfavorable meteorology”. Is the
meteorology simulated by WRF inaccurate or the meteorology condition not conducive
to pollution formation and accumulation? If the meteorology simulation is problematic,
emission may reduce the model bias by offsetting opposite bias caused by meteorology
inputs, but that does not warrant the quality of emission data per se.

Response and revisions:

The term “unfavorable meteorology” mentioned in the mansucript referred to the me-
teorology condition with low wind speed and PBL height, in which horizontal and ver-
tical movement of atmosphere was limited. Under such condition, primary pollutants
from large emitters would be easily accumulated over time, and air quality would thus
be largely influenced by local sources. The sentence has been revised as “Under
the unfavorable meteorology in which horizontal and vertical movement of atmosphere
was limited, the simulated SO2 concentrations at downtown Nanjing (the capital city of
Jiangsu) using the regional or national inventories were much higher than observation,
implying the overestimated urban emissions when economy or population densities
were applied to downscale or allocate the emissions” in lines 26-31 Pages 2-3 in the
revised manuscript.

We also agree with the reviewer that uncertainties existed in meteorology field simu-
lation and that the performance of air quality modeling might be offset by the opposite
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bias of emission inventory and simulated meteorology. To test the deviation caused by
meteorology field simulation with WRF, the model performance of SO2 was reevaluated
excluding the data from 5pm Oct 9th to 5am 10th. The normalized mean bias (NMB)
were recalculated at -13%, 66%, and 50%, and the normalized mean errors (NME)
were 45%, 88%, and 78% using the provincial, regional, and national inventories, re-
spectively. This result thus implied that the provincial inventory could better support the
air quality modeling, even uncertainties existed in meteorology field simulation.

4. Section 2.1: There are at least eight sectors considered here. Is Eq. (1) applied to
all sectors or only to point sources? In the case that other formulas are used, please
explain in more details (only citations are briefly provided here). It will be very useful
to provide a table that includes the following key information: 1) sector; 2) sources
included in that sector; 3) method to estimate emission; 4) key parameters and data
sources to obtain the information; 5) special adjustment made.

Response and revisions:

We thank the reviewer’s important comment. We checked the sectors, and confirmed
that there are seven main sectors (residential & commercial is one sector). We have
stated in line 133 Page 6 in the revised manuscript that Eq. (1) is applied only to point
sources. No equation is provided for mobile sources (i.e., on-road vehicles) as their
emissions were estimated using COPERT model. We have also provided the equa-
tion and explanation for calculating the emissions from area sources in lines 148-151
Page 7 in the revised manuscript. As suggested by the reviewer, the detailed source
categories by sector and the main data sources of activity levels by category were
summarized in the revised Table S1 in the supplement. We keep the discussions on
data sources of emission factors by category in Section 2.3, with the detailed informa-
tion provided in Table S2 and a new Table S3 in the supplement, as explained in the
response to Q7.

5. L177: which model requirement?
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Response and revisions:

We thank the reviewer’s reminder and admit the original word was confusing. The
“model” here indicates COPERT 4 applied for calculating the emissions from on-road
vehicles. Since differences exist in the categories of vehicle types between Chinese
and European criteria, population of each Chinese vehicle category should be con-
verted to the number consistent with the COPERT categories, in order to use the
model. According to Cai and Xie (2007), for example, the buses, passenger cars (PC),
heavy-duty trucks (HDT), light-duty trucks (LDT), and motorcycles (MT) in COPERT 4
indicate the big-size and middle-size passenger cars, small-size and mini passenger
cars, heavy-duty and intermediate duty trucks, light-duty and mini trucks, and motor-
cycles in Chinese statistic system. The original sentence has been modified as “Pop-
ulations of different vehicle types were derived from statistical yearbooks by city and
then converted to the numbers in COPERT 4 categories” in lines 183-184 Page 8 in
the revised manuscript.

6. L181-185: Can not understand this sentence. Please rephrase it. It seems a sub-
traction is involved here, by using data from different sources. What is the implication
for uncertainty by subtracting data from different sources?

Response and revisions:

We thank the reviewer’s important comment. In this work, as indicated in lines in
the revised manuscript, information from the official environmental statistics, Pollution
Source Census (PSC), and on-site survey on large emitters were collected to estimate
the emissions from point sources. Although most of large industry sources could be
investigated through this method, information of certain small plants were not included
in those datasets and had to be treated as area sources. Thus the energy consump-
tion and production provided in provincial statistical yearbooks were applied to check
the completeness of point source investigation, and the difference between the energy
statistics and overall activity levels of point sources was assumed as the activity lev-

C5

els of industrial area sources. The sentence has been revised as “For area sources,
the coal consumption of residential activities was directly taken from National Energy
Statistic Yearbook (NBSC, 2013c), while that of small industrial plants were calculated
by subtracting the coal consumed by industrial point sources from the coal consump-
tion of total industry provided in the provincial energy balance (NBSC, 2013c)” in lines
188-192 Page 8 in the revised manuscript.

7. Section 2.3. Again, a list of emission factors for each sector/source will be very
useful. Maybe a table in the supplementary information.

Response and revisions:

We thank the reviewer’s important comment. As required by the reviewer, a new Table
S3 was provided in the revised supplement, summarizing the detailed emission factors
and their sources by sector.

8. L227: “by with”? Please revise the sentence.

Response and revisions:

We thank the reviewer’s reminder and admit the typo error. Now the error has been
corrected in line 237 Page 10 in the revised manuscript.

9. L233-240. Please provide information of the spatial maps used to distribute emis-
sions for each sector. Currently only the data for open burning have been given.

Response and revisions:

We thank the reviewer’s suggestion and agree that more detailed information on spa-
tial distribution of emissions should be provided. For point sources, information of
latitude and longitude for each plant was collected from PSC. Locations of the total
6750 point sources shown in Figure S2 in the supplement were verified and modified
in Google Earth. The road and hydrographic net in Jiangsu were respetively used to
distribute the emissions from on-road transportation and ships city-by city. Densities
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of GDP and population in Jiangsu applied to allocate emissions of area sources were
from the research by Huang et al. (2014) and Fu et al. (2014). NH3 emissions from
livestock, fertilizer usage and agricultural vehicles were allocated by incorporating the
population density and distribution of land types categorized to agricultural activities
from the land cover dataset GlobCover2009 (http://globalchange.nsdc.cn). Such infor-
mation has been added in lines 243-256 Page 10 in the revised manuscript.

10. L280: “initial (concentration) and boundary conditions”

Response and revisions:

We thank the reviewer’s reminder and the text has been corrected in line 293 Page 11
in the revised manuscript.

11. L290-291: Please elaborate how the vertical distribution is determined here. Is this
applied to all sectors or just point sources?

Response and revisions:

We thank the reviewer’s important suggestion and admit that it was not clearly ex-
plained in the original manuscripts. The vertical distributions of emissions were directly
taken from L. Wang et al. (2010) except for the power sector, as the height of dis-
charge outlet for each power plant was available for Jiangsu. According to L. Wang et
al. (2010), the fractions of emissions of industry sources were 50%, 30% and 20% in
layers 1-3, respectively. For the sources near the surface, i.e., transportation, residen-
tial & commercial combustion, solvent use, agriculture, and other sources, emissions
were overall allocated to the first vertical layer in the model. The emissions of power
plants were concentrated in layers 2-5, with the fractions estimated as 14.7%, 45.7%,
34.9% and 4.7%, respectively, based on the height information of the stacks. We have
added the information in lines 304-311 Page 12 in the revised manuscript.

12. L447-449: Is the agricultural GDP increase due to change in market price or
commodity quantity?

C7

Response and revisions:

We thank the reviewer’s crucial comment and agree that application of commodity
quantity would be more reasonable and persuasive to illustrate the case. We have
checked the growth of livestock and poultry in Jiangsu from the provincial statistics.
In lines 465-468 Page 17 in the revised manuscript, the sentence has been modified
as “According to the provincial statistics, the total numbers of livestock and poultry in-
creased 6% and 10% from 2010 to 2012 in Jiangsu (JSNBS, 2013). The growth of
activity levels was expected to result in enhanced emissions, as very little progress
was achieved for NH3 control for these years.”

13. Section 2 may need a sub-section to describe the measurement data (satellite and
ground observations) used in this study.

Response and revisions:

We thank the reviewer’s comment. The ground observation and retrieval of satellite
data were not the main tasks of this study, and the data were directly taken from other
publication/groups without any extra modification. Therefore, we do not think it is nec-
essary to describe the data in a specific section, and we have kept the description in
corresponding sections in the revised manuscript, i.e., lines 593-599 for ground obser-
vations and lines 526-534 Pages 19-20 for satellite observation.

14. Section 4.1 Using satellite NO2 data for emission evaluation has been well ex-
plored (check the literature for more details). There are several issues related to the
method used here. Note OMI observes VCD, not emission. Therefore, it may make
more sense to compare the VCD from OMI to the equivalent from CMAQ, not the
emission distribution directly, unless the nonlinear relationship between emission and
VCD is accounted for. In addition, the noise to signal ratio in OMI NO2 increases with
decreasing VCD. The interpretation of the correlation between emission and OMI VCD
needs to consider these factors.
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Response and revisions:

We thank the reviewer’s very important comment and agree that the uncertainty of
the method should be discussed in the paper. First, the quality control and reliabil-
ity of OMI retrieved NO2 VCDs has been added in lines 529-534 Pages 19-20 in the
revised manuscript with literature provided. We then acknowledged that the compar-
isons between spatial distribution of NO2 VCDs and emissions should be cautiously
interpreted particularly for regions with relatively low values, as the noise to signal ra-
tio in OMI NO2 increases with decreased VCDs. Although summer NO2 VCDs were
applied in this study to eliminate the effects of long lifetime of NO2 on pollution plums
transport and chemical reaction, non-linear relationship still exists between VCDs and
emissions. More detailed comparisons between NO2 from satellite observation and
CTM are thus recommended when improved characterization of NO2 vertical distribu-
tion is available for the region. We have added such discussions in lines 576-582 Page
21 in the revised manuscript.

15. Section 4.3: It is good to see that the new emission inventories can reduce high
bias during extreme events when the meteorology is not correctly simulated. Do we
have any results showing that this emission data can be used to improve prediction
of real pollution events? This manuscript discusses the new emission data for the
entire province. Why is only the model prediction over Nanjing discussed in the model-
observation comparison?

Response and revisions:

We thank the reviewer’s positive remarks and suggestion. As shown in Table 2, better
model performances for SO2, NOx, O3 and PM2.5 simulation could be achieved with
provincial inventory than those with national or regional inventory for the whole Octo-
ber, implying the improvement of provincial emission inventory for Jiangsu. Besides
the special case discussed in Section 4.3, the simulated PM2.5 concentrations from
8pm on 18th to 5pm on 19th October with different inventories could also indicate the
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advantage of the provincial inventory against the regional and national inventories in a
pollution event prediction. Taking Caochangmen (CCM) site as the example, the ob-
served PM2.5 concentration kept increasing from 8pm on 18th with the highest value
reaching 114 µg/m3 at 2am on 19th. Simulated PM2.5 concentrations with provincial,
regional and national inventory at that time were 90, 53 and 45 µg/m3, respectively.
The correlation coefficients between observations and simulations with the three inven-
tories were calculated as 0.66, 0.44 and 0.30 in the episode, respectively, indicating
the better performance with provincial inventory in real pollution episode simulation.
We have added such discussions in lines 619-626 Page 23 in the revised manuscript.

Regarding the second question, the official data on air quality from surface measure-
ments have been routinely published since 2013, thus the complete data for Jiangsu
were unavailable for the years before 2013, except for its capital city Nanjing. Therefore
only the observations at the nine sites in Nanjing were applied in this work.

16. As mentioned earlier, this section may not be necessary to support the main argu-
ment here. The interpretation of the results needs to acknowledge several caveats in
the design and scope of these simulations. For instance, the brute force method does
not consider nonlinearity in ozone response to precursor change. Large uncertainties
exist in the emission dataset, including VOCs that have not been evaluated here, which
will affect the chemistry and directionality of the ozone response. In addition, the sen-
sitivity examines ozone response, but NOx and VOCs changes also result in changes
in other pollutants, such as PM2.5. It is hence premature to draw such conclusion as
in L770-772.

Response and revisions:

We thank the reviewer’s very crucial comment and suggestion. As suggested, we re-
vised the title of the paper, stressing the “application” of the emission inventory. We
agree with the reviewer that the brute-force method ignores the nonlinearity of O3 re-
sponse to the changes of precursor emissions, and that is a big uncertainty of the anal-
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ysis. The results should thus be cautiously interpreted, and the comparisons with other
simulation methods that take the nonlinearity mechanisms into account (e.g., OSAT or
tagged species method) are further recommended. We have added the discussions in
lines 825-831 Page 30 in the revised manuscript.

For VOC, the detailed information on development and evaluation of provincial inven-
tory with source profiles is presented in a separate paper (Zhao et al., in preparation).
Regarding the length of current paper, we have briefly stated that in lines 232-234 Page
9, and in lines 681-683 Page 25 in the revised manuscript.

We also agree with the reviewer that the air quality includes many issues besides O3
problem, thus the sentence in lines 770-772 in the original manuscript has been deleted
to avoid overstating the case.
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