
Reviewer 1: 
This study developed the unit-based industrial emission inventory in Beijing-Tianjin-Hebei region, for which 
configurations and locations of individual industrial emission sources were utilized. Significant differences in 
horizontal distributions of emissions were seen by comparing with the traditional proxy-based emission inventory. 
The air quality simulations using this unit-based emission inventory showed better model performance than the 
proxy-based emission inventory. 
I think this is an important progress to get better model performance. It should contribute to developing effective 
emission controls against heavy air pollution in this region. However, various critical information is missing in the 
current manuscript. It is necessary to revise it based on the comments described below. 
Response: We appreciate the reviewer’s valuable comments which help us improve the quality of the manuscript. 
We have carefully revised the manuscript according to the reviewers’ comments. Point-to-point responses are 
given below. The original comments are in black, while our responses are in blue. 
 
(1) As mentioned in the introduction, previous studies have already developed unit-based emission inventories 
while their target sectors may be limited. I suppose there should be more papers including Liu et al. (2015) for 
example. It is necessary to clearly describe what is new in this study. This manuscript says previous studies did 
not cover all industrial sectors in the BTH region. Then, does this study cover all industrial sectors? Which sectors 
were newly included? Is the methodology identical for the sectors which have been already included in previous 
studies? Significance of this study should be described more clearly. 
Response: We thank the reviewer for this valuable comment. We searched the papers about unit-based emission 
inventories again and added more papers in the Introduction section, including Liu et al. (2015) about emission 
from coal-fired power plants, Chen et al. (2015) about emission from cement industry and Wu et al. (2015) about 
emission from steel industry. (Page 3, Line 13-16) In the previous studies, they usually focus on one or several 
sectors such as power plant, cement plant, and iron plant. In this study, we cover most industrial sectors including 
power plant, industrial boiler, iron and steel production, non-ferrous metal smelter, coking, cement, glass, brick, 
lime, ceramics, refinery, and chemical industries (Page 4, Line 3-5). Compared with most previous studies, 
industrial boiler, non-ferrous metal smelter, coking, glass, brick, lime, ceramics, refinery, and chemical industries 
are newly included. The methodology of calculating the emission of point sources is similar to previous studies, 
but we calculate the emissions from cement and iron sectors according to specific industrial processes, such as 
clinker burning and clinker processing stages in the cement sector (Page 4, Line 18 to Page 5, Line 5).  
 
(2) One of difficulties in unit-based emission inventories we often face is consistency of energy consumption 
against energy statistics. Did this study use energy consumption reported from each emission source? If so, is the 
sum of the reported energy consumption consistent with that in energy statistics? Usually, it is very hard to collect 
detailed information of small emission sources. If this is the case, energy consumption should not be consistent, 
and a hybrid approach in which unit-based and proxy-based information are combined may be necessary for each 
sector. The unit-based and proxy-based emission inventories were compared in this study. Do energy 
consumptions used in both inventories match? 
Response: Yes, this study calculated emissions using energy consumption or industrial production reported for 
each emission source.  
The plants in this study are from compilation of power industry statistics (China Electricity Council, 2015), China 
Iron and Steel Industry Association (http://www.chinaisa.org.cn), China Cement Association 
(http://www.chinacca.org), Chinese environmental statistics (collected from provincial environmental protection 
bureaus), the first national census of pollution sources (National Bureau of Statistics (NBS), 2010) and bulletin 
of desulfurization and denitrification facilities from Ministry of Ecology and Environment of China 
(http://www.mee.gov.cn). (Page 5, Line 6-13) 
We compared the sum of the energy consumption or industrial production for each plant with those in official 
statistics. The sum of individual plants generally accounts for over 90% of the energy consumption or product 
yield reported in the statistics. For the plants not included in the preceding data sources, we calculate the emission 
by using “top-down method” and allocate the emission with proxies, such as GDP and population. Therefore, the 
total energy consumption of both inventories match. (Page 6, Line 14-17; Page 7, Line 25-26) 
 

http://www.mee.gov.cn/


(3) Although detailed descriptions for vertical distributions are missing in the current manuscript, I agree that 
reasons of differences in concentrations between the unit-based and proxy-based emission inventories should be 
horizontal distributions and vertical distributions as mentioned in the second paragraph in the page 9. According 
to Figures 5 and 7, concentrations simulated with the proxy-based emissions are almost entirely lower throughout 
the domain. If influences of horizontal distributions are dominant, it is supposed that concentrations in 
surrounding regions would become higher, but such influences seem to be very limited. Therefore, it might be 
possible that differences in concentrations between two emission inventories are mainly caused by differences in 
vertical distributions of emissions. I would strongly recommend conducting an additional simulation to separate 
influences of horizontal and vertical distributions of emissions by changing only each of them. 
Response: We thank the reviewer for this valuable comment. We have conducted an additional simulation in 
which the unit-based inventory is used but the emission heights are assumed to be the same as the proxy-based 
inventory. The amount of emission is the same as the other two scenarios. We call the inventory used in this 
simulation “hypo unit-based inventory”. 
Fig. R1 (Fig. 5 in the revised manuscript) shows the distribution of the monthly (January and July) mean 
concentrations of SO2, NO2, ozone, daily maximum 1-h averaged ozone, daily maximum 8-h averaged ozone 
and PM2.5 simulated with the proxy-based inventory, and the differences between the proxy-based simulation and 
the other two simulations (Diff1: hypo unit-based minus proxy-based; Diff2: unit-based minus proxy-based). For 
SO2, NO2 and PM2.5, the concentrations in the urban area are generally higher with the proxy-based inventory 
than those with the unit-based inventory, especially in winter. In January, large concentration differences between 
simulations with two inventories are found in urban Tianjin, Tangshan, Baoding and Shijiazhuang, where a large 
amount of industrial emissions is allocated in the proxy-based inventory due to large population density. The 
simulation of July follows the same pattern but the concentrations and the difference between the concentrations 
with two inventories are lower than those of January. In some areas where many factories are located, such as the 
northern part of Xingtai city, the concentration with unit-based inventory is higher because of a high emission 
intensity. There are two reasons for the difference between results with proxy-based and unit-based inventories. 
The first one is the spatial distribution. With detailed information of industrial sectors, more emissions are 
allocated to certain locations in suburban/rural areas in the unit-based emission inventory. From “Diff1” (hypo 
unit-based minus proxy-based), we can see that the improved horizontal distribution of the unit-based emission 
inventory significantly decreases the PM2.5, SO2, and NO2 concentrations in most urban centers, and significantly 
increases the concentrations in a large fraction of suburban and rural areas, especially the areas where large 
industrial plants are located in. The other reason is vertical distribution. Plume rise is calculated in the simulation 
with the unit-based inventory, which causes the difference of emissions in vertical layers. The higher the 
pollutants are emitted, the lower the ground concentration becomes. From the differences between Diff1 and 
Diff2 we can see that the plume rise leads to lower concentrations over the whole region.  
The results of the additional simulation have been added to the revised manuscript (Page 11, Line 6 to 26; Page 
14, Line 2-4) 



 
 
Fig. R1 Spatial distribution of the monthly (January and July) mean concentrations of SO2, NO2, ozone, daily 
maximum 1-h averaged ozone, daily maximum 8-h averaged ozone and PM2.5 simulated with the proxy-based 
inventory, and the differences between the proxy-based simulation and the other two simulations (Diff1: hypo 
unit-based minus proxy-based; Diff2: unit-based minus proxy-based). The units are 𝛍𝛍𝛍𝛍/𝒎𝒎𝟑𝟑 for all panels.
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(4) This paper shows relative improvements in the unit-based emission inventory by 
comparing with the proxy-based emission inventory. Therefore, relative changes 
depend not only on the unit-based inventory but also the proxy-based inventory. If poor 
proxies are used in the proxy-based inventory, relative improvements could become 
larger. Therefore, it is important to explicitly show which proxies were used in the 
proxy-based inventory for each sector (not just “such as population …” at the end of 
the section 2.2). Use of better proxies should be also one of possible directions to get 
better model performance. 
Response: For the proxies of each sector, we refer to Zhao et al. (2013), Streets et al. 
(2003) and Woo et al. (2003). We allocate the emissions of each province and each 
pollutant by two steps. The first step is to allocate the total emission to each county. The 
second step is to allocate the emission of each county to each grid. The proxies used in 
this study are shown in Table R1 (Table S2 in the revised manuscript). 

Table R1 Proxies used in the proxy-based inventory for each sector 
Sector Allocate to county Allocate to grid 

Power plant, steel, 
cement GDP of secondary industry Population density 

Industrial combustion, 
other industrial process GDP of secondary industry Population density 

Domestic fuel Total GDP Population density 
Domestic biomass GDP of first industry Population density 

Transportation GDP of tertiary industry Road network 
Open burning GDP of first industry Population density 

Livestock GDP of first industry Population density 
Fertilizer application GDP of first industry Population density 
Domestic solvent use Total GDP Population density 
Industrial solvent use GDP of secondary industry Population density 

 
(5) Page 3, Line 9-10 
I think that Lim et al. (2005) is not related to the description around here. 
Response: It is removed from the manuscript. 
 
(6) Page 3, Line 17-18 
It is not clear which sectors are considered in previous studies and which sectors newly 
appear in this study. I would recommend adding a table listing all the industrial sectors 
considered and which are new in this study. 
Response: As is shown in Table R2. The underlined sectors are newly added to this 
study. This table is added to SI. (Table S3) 
Table R2 Comparison of industrial sectors covered in previous studies and this study 

(the underlined sectors are newly included in this study). 
Study Sector Region 

Zhao et al. (2008), Chen et al. (2014), 
Liu et al. (2015), Li et al. (2017) Power plants China 

Wang et al. (2016b), Wu et al. (2015) Iron plants China 



Lei et al. (2011), Chen et al. (2015) Cement plants China 

Qi et al. (2017) 

Power plants, iron plants, 
cement factories, coking 

factories, heating plants, other 
industries 

BTH 

This study 

Power plants, iron plants, 
cement factories, coking 

factories, nonferrous metals, 
glass factories, brick factories, 

lime factories, ceramics 
factories, refinery factories, 
chemical plants, industrial 

boilers 

BTH 

 
(7) Page 4, Line 6-7 
It is not clear what kind of product yields are used for estimating emissions of each 
sector. I would recommend showing types of products used for each sector in a table I 
recommended above. 
Response: The types of products used for each sector are listed as follows and in Table 
S4 of the revised manuscript. 
Table R3 Types of products or energy consumption used for estimating emissions of 

each sector. 
Industrial sector Product or energy consumption 

Power plant Energy consumption  

Industrial boiler Energy consumption  
Iron and steel production Pig iron, crude steel, rolled steel 

Non-ferrous metal smelter Alumina, aluminum, copper 

Coking Coke 
Cement Cement, clinker 

Glass Glass 
Brick Brick 
Lime Lime 

Ceramics Ceramics 
Refinery Crude oil, ethylene 

Chemical industries Ammonia, caustic soda, soda ash, sulfuric acid, 
nitric acid 

 
 (8) Page 4, Lines 9 and 17 
The equation (1) is used to estimate emissions of the pollutant i. The industrial 
enterprise j and the production process m appear in this equation, but they are summed 
up. Then, how about the control technology n? It is not summed up, but it does not 



appear in the left-hand side. Usually fractions of control technologies are inserted, then 
they are summed up for all of control technologies. This is the same for the control 
technology k in the equation (2). 
Response: Equation (1) and equation (2) are revised as follows: 

𝑬𝑬𝒊𝒊,𝒋𝒋 = 𝑨𝑨𝒋𝒋 × 𝑬𝑬𝑬𝑬𝒊𝒊,𝒋𝒋 × �𝟏𝟏 − 𝜼𝜼𝒊𝒊,𝒋𝒋�   (1) 

where 𝑬𝑬𝒊𝒊,𝒋𝒋 is emissions of pollutant i from industrial enterprise j, 𝑨𝑨𝒋𝒋 is activity level 

of industrial enterprise j, 𝑬𝑬𝑬𝑬𝒊𝒊,𝒋𝒋  is uncontrolled emission factor of pollutant i from 

industrial enterprise j, and 𝜼𝜼𝒊𝒊,𝒋𝒋  is removal efficiency of pollutant i by control 

technology in enterprise j. 𝜼𝜼𝒊𝒊,𝒋𝒋 is determined by the production process and control 

technology of the industrial enterprise. The 𝑬𝑬𝑬𝑬𝒊𝒊,𝒋𝒋, which depends on the production 

process of the industrial enterprise, are calculated according to the sulfur and ash 

contents of fuels (e.g. coal) used in each province (for PM and SO2), or obtained from 

our previous study (Zhao et al., 2013) (for other pollutants).  

For those industrial sources with multiple production processes, such as iron and steel 

production and cement production, emissions are calculated by using the following 

equation: 

𝑬𝑬𝒊𝒊,𝒋𝒋 =  ∑ �𝑨𝑨𝑨𝑨𝒋𝒋,𝒎𝒎 × 𝑬𝑬𝑬𝑬𝒊𝒊,𝒎𝒎 × �𝟏𝟏 − 𝜼𝜼𝒊𝒊,j,𝒎𝒎�� + �𝑨𝑨𝑨𝑨𝒋𝒋 × 𝒆𝒆𝒆𝒆𝒊𝒊 × �𝟏𝟏 − 𝜼𝜼𝒊𝒊,𝒋𝒋��𝒎𝒎         (2) 

where 𝑬𝑬𝒊𝒊,𝒋𝒋 is emissions of pollutant i from industrial enterprise j, 𝑨𝑨𝑨𝑨𝒋𝒋,𝒎𝒎 is the amount 

of clinker produced by the clinker burning process m of the enterprise j, 𝑬𝑬𝑬𝑬𝒊𝒊,𝒎𝒎  is 

uncontrolled emission factor for pollutant i from the clinker burning process m, 𝜼𝜼𝒊𝒊,j,𝒎𝒎 

is removal efficiency of pollutant i from the clinker burning process m in enterprise j, 

𝑨𝑨𝑨𝑨𝒋𝒋 is the amount of cement produced by enterprise j, 𝒆𝒆𝒆𝒆𝒊𝒊 is uncontrolled emission 

factors from the clinker processing stage (𝒆𝒆𝒆𝒆𝒊𝒊=0 if i is not particulate matter), 𝜼𝜼𝒊𝒊,𝒋𝒋 is 

removal efficiency of pollutant i in enterprise j. 𝜼𝜼𝒊𝒊,𝒋𝒋,𝒎𝒎 and 𝜼𝜼𝒊𝒊,𝒋𝒋 both depend on the 

control technology of the industrial enterprise. (Page 4, Line 10 to Page 5, Line 2) 
 
(9) Page 4, Lines 9 and 17 
I do not understand why the equations (1) and (2) are separated. It seems the first and 
second terms of the equation (2) represent clinker and cement production, respectively. 
However, isn’t it possible to treat both as one of production processes m? If not, then 
what are production processes considered in both equations? Please clarify them. In 
fact, it is not clear what production processes considered in this study are. 
Response: Equations (1) and (2) cannot be merged because the production processes 
represented by the first and second terms of equation (2) are frequently performed in 
different enterprises. For example, for cement production, clinker may be produced in 
one enterprise and subsequently processed in another enterprise, which is very common. 



Most industrial sources are calculated by equation (1). Only a few industrial sources 
with multiple processes, such as steel production and cement production, are calculated 
by equation (2). We have added the preceding descriptions in the revised manuscript 
(Page 4, Line 18-19; Page 5, Line 3-5). 
 
(10) Page 4, Lines 12-14 
EFs depend only on the pollutant i and the production process m. Is there any possibility 
to use emission factors specific to each industrial enterprise? Is it enough to use 
identical emission factors for all the industrial enterprises? 
Response: For SO2 and PM, EFs are calculated according to the sulfur and ash contents 
of fuels (e.g. coal) in each province. For other pollutants, EFs depend only on the 
pollutant and the production process, and are obtained from our previous studies (Zhao 
et al., 2013). (Page 4, Line 14-17) 
We agree with the reviewer that it is better to use emission factors specific to each 
individual enterprise. However, such detail offline emission measurements are not yet 
available in China. The continuous emission monitoring systems (CEMS) data may 
help to improve the emission esitmates. Cui et al. (2018) estimated the emissions of air 
pollutants from power plants in China based on the data of CEMS, environmental 
statistics and the data of pollutant emission permits. (Karplus et al., 2018) evaluated the 
impact of China’s new air pollution standards on SO2 emissions by comparing newly 
available data from CEMS with satellite measurements. We will work on it in the future.  
 
(11) Page 4, Line 25 – Page 5, Line 1 
Specific references are not listed here while a lot of specific references for proxy-based 
emissions are listed in a subsequent paragraph. Specific references should be also listed 
for unit-based emissions as much as possible. 
Response: The references were added in this manuscript.  
For all power and industrial sources except industrial boilers, we collect their detailed 
information, including latitude/longitude, annual product, production 
technology/process, and pollution control facilities from compilation of power industry 
statistics (China Electricity Council, 2015), China Iron and Steel Industry Association 
(http://www.chinaisa.org.cn), China Cement Association (http://www.chinacca.org), 
Chinese environmental statistics (collected from provincial environmental protection 
bureaus), the first national census of pollution sources (National Bureau of Statistics 
(NBS), 2010) and bulletin of desulfurization and denitrification facilities from Ministry 
of Ecology and Environment of China (http://www.mee.gov.cn). (Page 5, Line 6-13) 
 
(12) Page 5, Lines 2-4 
Do these numbers cover all the plants located in the target area? 
Response: It's very difficult to cover all the plants located in Beijing-Tianjin-Hebei 
region because there are some very small factories. The plants in this study are from 
compilation of power industry statistics (China Electricity Council, 2015), China Iron 
and Steel Industry Association (http://www.chinaisa.org.cn), China Cement 
Association (http://www.chinacca.org), Chinese environmental statistics (collected 

http://www.mee.gov.cn/


from provincial environmental protection bureaus), the first national census of pollution 
sources (National Bureau of Statistics (NBS), 2010) and bulletin of desulfurization and 
denitrification facilities from Ministry of Ecology and Environment of China 
(http://www.mee.gov.cn). The sum of individual plants generally accounts for over 90% 
of the energy consumption or product yield reported in the statistics. For the plants not 
included in the preceding data sources, we calculate the emission by using “top-down 
method” and allocate the emission with proxies, such as GDP and population. (Page 5, 
Line 6-13; Page 6, Line 14-18; Page 7, Line 25-26) 
 
(13) Page 5, Line 5 
Is there no information on control technologies for boilers? 
Response: We do have information on control technologies for boilers. This sentence 
was revised as: “For industrial boilers, we obtained the location, fuel use amount, and 
control technologies of over 8 thousand industrial boilers…” (Page 5, line 16-19) 
 
(14) Page 5, Line 9 
Is the expression “emission factor method” appropriate? The unit-based approach also 
uses emission factors. I think it is usually called as “top-down method” (but sometimes 
confused with top-down estimates utilizing observations including satellites). 
Response: “emission factor method” was replaced with “top-down method” in this 
sentence. (Page 6, Line 7) 
 
(15) Page 5, Line 17 
How about speciation of PM2.5 and NMVOCs for unit-based emissions? 
Response: As is described in the manuscript, the speciation of PM2.5 is from Fu et al. 
(2013). The PM2.5 speciation profile of major sectors is shown in Fig. R2 (Fig. S4 in 
the manuscript). The speciation of NMVOCs is updated by Wu et al. (2017). The 
speciation profiles used in the unit-based inventory is the same as those used in the 
proxy-based inventory. The manuscript is revised accordingly. (Page 6, Line 18-20) 

 

http://www.mee.gov.cn/


Fig. R2 PM2.5 speciation profile of major sectors 
 
 
(16) Page 5, Line 20 – Page 6, Line 18 
References for models and modules are required. 
Response: References are added to the manuscript. The revised text is shown as follows:  
In this work, we use CMAQ version 5.0.2 (EPA, 2014) to simulate the concentration of 
pollutants. (Page 6, Line 23-24) The Carbon Bond 05 (CB05) and AERO6 (Sarwar et 
al., 2011) are chosen as the gas-phase and aerosol chemical mechanisms, respectively. 
(Page 7, Line 5-7) 
We use the Weather Research and Forecasting (WRF) model version 3.7.1 (Skamarock 
et al., 2008) to simulate the meteorological fields. The physics options for the WRF 
simulation are the Kain-Fritsch cumulus scheme (Kain, 2004), the Morrison double-
moment scheme for cloud microphysics (Morrison et al., 2005), the Pleim-Xiu land 
surface model (Xiu and Pleim, 2001), Pleim-Xiu surface layer scheme (Pleim, 2006), 
ACM2 (Pleim) boundary layer parameterization (Pleim, 2007), and Rapid Radiative 
Transfer Model for GCMs radiation scheme (Mlawer et al., 1997). (Page 7, Line 9-14) 
 
(17) Page 6, Line 10 
What are “other” configurations? Please show explicitly. 
Response: “Other” configurations means the initial and boundary conditions. The 
meteorological initial and boundary conditions are generated from the Final 
Operational Global Analysis data (ds083.2) of the National Center for Environmental 
Prediction (NCEP) at a 1.0º × 1.0º and 6-h resolutions. Default profile data is used for 
chemical initial and boundary conditions. It is revised accordingly in the manuscript. 
(Page 7, Line 14-17) 
 
(18) Page 6, Lines 21-23 
Is CO not included in this study? Why? 
Response: The ambient CO pollution is not a serious issue in China currently. 
According to China National Environmental Monitoring Centre (data source: 
http://106.37.208.233:20035/), the daily CO concentration in the BTH region is less 
than 1.5 mg/m3, which is much lower than the national ambient air quality standard (4 
mg/m3). In addition, the influence of CO emission on the formation of PM2.5 and O3 is 
quite small. For these two reasons, we did not include CO emission in this study. 
In the model simulations described in this paper, we used CO emissions developed by 
Janssens-Maenhout et al. (2015). 
 
(19) Page 7 Lines 1-22 
Area names are mentioned in these paragraphs. However, horizontal distributions firstly 
appear later in Fig. 3. Its description should appear before descriptions of areas. 
Response: The sequence of these sentences has been adjusted. (Page 8, Line 12-13) 
 
(20) Page 7, Line 6 



It is impossible to see many industrial boilers in Fig. 2. 
Response: The link was wrong and we revised it to “Fig. 3”. (Page 8, Line 12-13) 
 
(21) Page 8, Line 9 
I think that NMB and NME are not appropriate metrics in terms of this study. The target 
of this study is accurate horizontal distributions. However, overestimation in one areas 
and underestimation in other areas could be cancelled out in these metrics. It is 
necessary to appropriate metrics which can properly shows improvements realized in 
this study. 
Response: Thank you for this valuable comment. 
While the overestimation and underestimation in different areas could be cancelled out 
in normalized mean bias (NMB), they cannot be cancelled out in the normalized mean 
error (NME), which characterizes the absolute difference between observation and 
simulation. Similarly, mean fractional error (MFE) is also an index that will not cancel 
out the overestimation and underestimation. The NME and MFE for SO2, NO2, PM2.5, 
and O3 are mostly lower with the unit-based inventory than with the proxy-based 
inventory, which means that the spatial distributions of these pollutants are better 
captured using the unit-based inventory. (Page 12, Line 5-8) 
A major difference between the proxy-based and unit-based inventories is that the 
traditional proxy-based inventory allocates more emission to the urban area, whereas 
the unit-based inventory allocates more emission to suburban area where more factories 
are located. To quantify the impact of changed emission distribution between urban and 
suburban areas, we introduced the metric of “concentration gradient”, which is defined 
as the ratios of urban concentrations to suburban concentrations. The concentration 
gradients simulated with the unit-based inventory agree much better with observations 
than those simulated with the proxy-based inventory, implying that the unit-based 
emission inventory better reproduces the distributions of pollutant emissions between 
the urban and suburban areas. (Page 12, Line 5-22) 
In addition, most of the observational sites (70 out of 80) are located in urban area. 
(Page 9, Line 19-20) Therefore, the calculated NMB is dominated by the behavior of 
the urban sites, and is not likely to be significantly cancelled out by the limited suburban 
sites. 
Finally, we have shown the model performance for major air pollutants at each 
individual site in Beijing in the revised Supplementary Information (Table S6-S9). For 
the urban sites, the concentrations of PM2.5, SO2 and NO2 are much lower with the 
unit-based inventory than with the proxy-based inventory. For the suburban sites, 
however, the concentrations are either slightly higher or slightly lower with the unit-
based inventory than with the proxy-based inventory. The situation for ozone is quite 
the opposite. The ozone concentration at urban sites is higher with the unit-based 
inventory than with the proxy-based inventory. In suburban sites, it is lower with the 
unit-based inventory than with the proxy-based inventory. In addition, for the 
simulations with the unit-based inventory, the NME and MFE of individual sites are 
usually lower than those with the proxy-based inventory while the correlation efficient 
is usually higher, which means that the error is generally smaller and the trend is more 



similar to the observation when the unit-based inventory is used. 
 
(22) Page 8, Lines 15-17 
What is a possible reason for the poor model performance on SO2? 
Response: The overestimation of SO2 concentrations may be due to the lack of several 
SO2 reaction mechanisms in CMAQ, such as heterogeneous reactions of SO2 on the 
surface of dust particles (Fu et al., 2016), the oxidation of SO2 by NOx in aerosol liquid 
water (Cheng et al., 2016;Wang et al., 2016a), the effects of SO2 and NH3 on secondary 
organic aerosol formation (Chu et al., 2016), etc.  
The biased spatial distribution of SO2 emissions from residential combustion may also 
contribute to the overestimation. A large fraction of residential combustion takes place 
in the rural areas. In this work, however, the emission of residential combustion is 
allocated by GDP and population, which leads to an overestimation of SO2 emission in 
urban area and hence an overestimation of SO2 concentration. (Page 10, Line 4-11) 
 
(23) Page 9, Lines 19-20 
I cannot find any descriptions on plume rise before here. How to gather stack 
information? How to calculate plume rise? These descriptions are required in the 
method section. 
Response: The stack information required for plume rise calculation includes stack 
height, flue gas temperature, chimney diameter and flue gas velocity. For power plants, 
we get the stack height from Compilation of power industry statistics (China Electricity 
Council, 2015). For the stack height of cement factories, we refer to the emission 
standard of air pollutants for cement industry (Ministry of Environmental Protection of 
China, 2013). For the stack height of glass, brick, lime and ceramics industries, we refer 
to emission standard of air pollutants for industrial kiln and furnace (Ministry of 
Environmental Protection of China, 1997). For the stack height of non-ferrous metal 
smelter, coking, refinery and chemical industries, as well as the flue gas temperature, 
chimney diameter and flue gas velocity for all industrial sectors, we refer to the national 
information platform of pollutant discharge permit 
(http://114.251.10.126/permitExt/outside/default.jsp), where we can find very detailed 
information of the plants with the pollutant discharge permit. For the sources without 
the pollutant discharge permit, we use the parameters of the plant with a similar 
production output or coal consumption. (Page 5, Line 23 to Page 6, Line 5) The data 
source of stack information is shown in Table R4 (Table S5 in the manuscript). 
Table R4 Data source of stack information 

Sector Stack height 
Flue gas temperature, 

Chimney diameter, Flue 
gas velocity 

Power plant Compilation of power 
industry statistics National information 

platform of pollutant 
discharge permit Cement plant 

Emission standard of 
air pollutants for 
cement industry 

http://114.251.10.126/permitExt/outside/default.jsp


Glass, brick, lime and 
ceramics industries 

Emission standard of 
air pollutants for 

industrial kiln and 
furnace 

Non-ferrous metal smelter, 
coking, refinery and 
chemical industries 

National information 
platform of pollutant 

discharge permit 

 
Plume rise is calculated with a built-in algorithm of CMAQ based on the Briggs’s 
scheme (Briggs, 1982). In this algorithm, plume rise is estimated by simulating the 
buoyancy effect and momentum rise, using hourly and gridded meteorological data. 
Then, the plume is distributed into the vertical layers that the plume intersects based on 
the pressure in each layer. (Page 5, Line 20-22; Page 8, Line 3-5) 
 
(24) Page 10, Line 1 
Details of “concentration gradient” are necessary. How to select urban and suburban 
locations? Are monthly mean concentrations used? 
Response: For Beijing, the suburban areas refer to the districts that are far from the 
center of the city (the red star in Fig. 2). From Fig. 2 we can see that there are 8 sites 
located in the urban districts in Beijing. In the north, there are four sites far away from 
the city center and close to the city border. We treat the four sites in the north as 
suburban sites and the others as urban sites. For Tianjin, as shown in Fig. 3, there are 
two city centers. Ten sites are located in urban area and 5 sites are located in suburban 
area. In the calculation of the concentration gradient, monthly mean concentrations are 
used (Page 12, Line 10). These figures are added to the Supplementary Information. 
(Fig. S4-S5) 



 
Fig. R3 The observational sites in Beijing 

 
Fig. R4 The observational sites in Tianjin 

 
(25) Page 10, Lines 24-27 
I think it is not enough to explain changes of NO3- only by NOx sensitivities. I do not 
think they are main reasons. SO42- concentrations in the unit-based approach are much 
lower than the proxy-based approach whereas NH4+ is almost constant as shown in Fig. 



7. In this case, more HNO3 is converted to NO3- with excess NH4+ whereas these 
processes depend on abundance of HNO3 or NH3. 
Response: Thank you for the valuable idea. We have added this reason to explain the 
changes of NO3

- as follows: 
As for nitrate, concentration of nitrate in the simulation with unit-based inventory is 
much higher than that with proxy-based inventory in winter while the differences 
between the results with two inventories vary with location in summer. Sulfate 
concentrations in the unit-based approach are much lower than the proxy-based 
approach. In this case, more abundant NH3 is available to react with HNO3, leading to 
enhanced formation of NO3

-. (Page 13, Line 11-14) 
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