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1 Sectoral emission changes with implementation of mitigation

In this section, we discuss the implementation of mitigation in China, the differences in emissions between emission invento-
ries, and the representation of emission inventories in relation to strategies.

According to the literature review, during the 11" nationwide five-year emission control plan, which started in 2010, China
implemented stringent policies targeting coal combustion, fossil fuel combustion and NOy emitters in various sectors. As
shown in Figure S1a, these measures, including the introduction of ultra-low emission technologies and new vehicle standards,
successfully reduced pollutants such as SO, and CO around 2010, contributing to cleaner air and addressing multiple sources
of pollution. During the period of ‘Air Pollution Prevention and Control Action Plan’ (2013-2017, CAP), the government
targeted PM; s and PM o reductions. Measures focused on energy conversion (coal-to-gas and coal-to-electricity), phasing out
old vehicles and improving fuel quality(12" Five-Year Plan, 2011). The next phase of the "Three-Year Action Plan to Combat
Air Pollution" (2018-2021, TYP) focuses on reducing PM; 5 and controlling VOC emissions by tackling pollution from diesel-
powered trucks and treating industrial furnaces and ovens (Blue sky plan, 2018). The FAP first mentioned the co-benefits of air
pollution control and climate change mitigation, leading to a significant reduction in carbon emissions. The national 14th Five-
Year Plan (2021-2025) aims to peak CO, emissions before 2030 and achieve carbon neutrality before 2060, which would help
reduce projected global warming by about 0.2 to 0.3 degrees Celsius (14™ Five-Year Plan, 2020). Concrete measures include
boosting the new energy vehicle industry and adapting and transforming energy and technology systems. The challenge for

emission inventories is to depict or describe the rapid changes in emissions, including peak years, trends and amounts from
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Figure S1. Implementation of air pollution and carbon emission strategies over the years from 2008 to 2020 (a). Observed concentrations for
MDAS ozone (ppbv), NO, (ppbv) and CO (ppmv) in daily resolution over April to October (warm seasons) from 2013 to 2022. The values

with red color on the color bar indicate WHO guideline values (b).

sources. Pollutants such as CO and NOx are gradually falling below the WHO standard due to measurement (Figure S1b), but
ozone is still above the standard and shows a rising trend.

As a result of the above measures, shifts in individual sectoral emissions were rapid and were not captured by some global
emission inventories. This was a major source of uncertainty in the emission inventories. Bottom-up emission inventory com-
pilers, such as EDGAR, adopted emission factors (EF) and activity data (AD) statistics from [PCC-06 to ensure temporal
consistency over time and comparability between countries. However, national emission inventories use a methodology that
aggregates removal efficiency parameters based on specific pollution control technologies (Li et al., 2017; Zheng et al., 2018;
Hoesly et al., 2018). In addition, the underlying data from the National Bureau of Statistics, including activity rates and pene-
tration of different technologies, differ across sectors and provinces (Zhang et al., 2007, 2009). Therefore, these differences in
the construction of emission inventories lead to different emission amounts in national and global emission inventories. In order
to limit the uncertainties, many global emission inventories have included key sectoral emissions from regional and national
emission inventories, as discussed in previous sections. However, global emission inventories, such as CEDS and HTAPv3,
use total emissions from national emission inventories for specific species and sectors, and allocate emissions on the grid using
proxy data. This process can also lead to inconsistencies in the spatial distribution between emission inventories, and the proxy

data sources used by emission inventories are discussed in a later section.
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2 Differences in activity data and emission factors Used by emission inventories

In bottom-up emission inventories, emissions are calculated by multiplying the emission factor (EF) by the driver data (activity
data, AD) for a total emission for a given region and sector (Hoesly et al., 2018). Emission inventory compilers treat all emission
sectors as two categories: fuel combustion sectors and non-combustion sectors, due to the different use of EF and AD (Zheng
et al., 2018). Fuel combustion sectors include all sub-sectors under 1A, such as energy transformation processes, including coal
and coke production, charcoal production, and petroleum refining, etc., as listed in Table S1. It includes NOy, SO,, CO, BC,
OC, etc. The emission inventories are derived with sectors, species, time and regions, and their unit is gg 1. Global emission
inventories, such as EDGAR, by default estimate emissions via EF from the database of Greenhouse Gas — Air Pollution
Interactions and Synergies (GAINS, https://iiasa.ac.at/models-tools-data/gains, last accessed: June, 2024) model, the United
state national emission inventory (NEI, https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei, last
accessed: June, 2024) energy use, and so on. Activity sectors are described as energy consumption, from the IEA database.
And emissions from non-combustion sectors, including waste, agricultural activities, are calculated by multiplying EF by
population for a given activity. The national MEIC emission inventory followed the methodology of the global EI, making
adjustments in the calculation and updating the underlying data (Zheng et al., 2018). Specifically, a parameter ( ) is added
to the emissions calculation to constrain emissions taking into account abatement. represents technology penetration and
abatement efficiencies. Therefore, the activity rates of energy consumption are derived from China’s energy statistics.

CEDS and HTAP emission inventory currently use the "MOSAIC’ approach to scale national MEIC emission inventory
to their global emission inventory for China. Specifically, CEDS adopted the reported emission amounts from MEIC and
calculated new emission factors via emissions divided by AD. CEDS kept the EF for China with temporal variation and
different among provinces. HTAP emission inventory did not update the EF, but scaled the total emission amount for China by

sector mapping.


https://iiasa.ac.at/models-tools-data/gains
https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei

Table S1: Comparisons of underlying data used for emission factor, activity data in global and national emission inventories.

Sectors emission inventories | Parameters | Underlying data sources
Global Nemission inventory from EPA and EEA !
Br National Nemission inventory and Local measurement 2
Fuel combustion Global IEA energy statistics
AD National National Bureau of Statistics *
C, national Selective (non-)catalytic reduction system >
Global EDGAR, ECLIPSE ¢
Br National Nemission inventory and Local measurement
Non-combustion AD Global Population data from FAO 7
National Chinese statistical yearbooks
C, National Selective (non-)catalytic reduction system

National Emission Inventory (NEI, https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei, last accessed: June, 2024), Euro-
pean Environment Agency (EEA), and Environmental Protection Agency (EPA)

2data collected from priory studies(Qian, 2010; Zhang et al., 2016; Cheng et al., 2010).

3International Energy Agency (IEA, https://www.iea.org/data-and-statistics, last accessed: June, 2024)

“https://www.stats.gov.cn/sj/ndsj/2015/indexch.htm, last accessed: June, 2024

5(Guo et al., 2014)

6Project for Evaluating the Climate and Air Quality Impact of Short-Lived Pollutants

"Food and agriculture organization https://www.fao.org/faostat/en/, last accessed: June, 2024


https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei
https://www.iea.org/data-and-statistics
https://www.stats.gov.cn/sj/ndsj/2015/indexch.htm
https://www.fao.org/faostat/en/
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3 Differences in Spatial Proxies Used by emission inventories

Emission data is initially provided as country-specific and sector-specific emissions. Then, emission compilers allocate total
emissions to grid cells using sectoral proxy datasets (Feng et al., 2020). These proxy data represent the spatial distribution of
emissions, which is associated with the geographic coordinates of human activities. However, different geographic information
is utilized by inventory compilers, such as road network maps in the transportation sector, power plant locations in the energy
sector, etc., as listed in Table S2.

The proxy datasets provided by the EDGAR dataset are widely used by global emission inventories, and global gridded
emissions have spatial correlation structures, while errors in emissions may be correlated to systematic errors. This type of
error or uncertainty stems from inaccurate spatial proxy data that do not accurately reflect the actual spatial distribution of
emissions. One example is SO, emissions. These tend to be overestimated in urban areas and underestimated in rural areas.

The national inventory (MEIC) uses provincial Gross domestic product (GDP) data to constrain and map emissions from the
country to provinces before gridding. This approach potentially improves the accuracy of estimated urban and rural emissions.
MEIC also utilizes more localized geographic datasets to generate proxy data, aiming to capture a more accurate spatial distri-
bution. Notably, spatial proxies remain empirical and may have introduced significant uncertainties into the spatial distributions

of emissions.



Table S2. Comparisons of proxy data sources for common sectors used in Emission Inventories (emission inventories).

Sectors

emission inventories

Geographic Data Source

Energy

Industry, Residential

Transport

Agriculture

National emission inventory
Global emission inventories
National emission inventory
Global emission inventories
National emission inventory
Global emission inventories
National emission inventory

Global emission inventories

China coal-fired Power plant Emissions Database
Carbon Monitoring for Action

National Bureau of Statistics for population and GDP
EDGAR-HYDE

China Digital Road-network Map

EDGAR-HYDE

National Bureau of Statistics for rural population

Digital Chart of the World (DCW)




4 Comparisons of emissions between emission inventories’ Versions
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Figure S2. Interannual variations of total emissions (NOx, CO and NMVOC) from version 1.3 and 1.4 of MEIC EI, unit: Tg.
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Figure S3. Interannual variations of total emissions (NOy, CO and NMVOC) from CAMsv5 and EDGARV6, unit: Tg.
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Figure S4. Interannual variations of total emissions (NOx, CO and NMVOC) from version 2019 and 2021 of CEDS EI, unit: Tg.
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Figure SS5. Interannual variations of total emissions (NOx, CO and NMVOC) between HTAPv3 and REasv3.2.1, unit: Tg.



Figure S6.Harmonized sectors from all inventories aligned with IPCC2006 sectors. For good comparison, we have standardized the

de nition of gridded sectors from all inventories as 8 harmonized sectors. In CEDS we combine original solvent and residential sector as
harmonized residential sector. In CAMs, we combine the original solvent and residential sectors as the harmonized residential sector. We
also combine original fugitive and industrial sectors as a harmonized industrial sector. We combine non-road and road transport as transport
In HTAP, we combine 'transportation on the road', '‘Brake and tyre wear' and 'other transportation’ as harmonized transport sector. We also
combine the 'Agricultural livestock', 'agricultural crops', and 'Agricultural waste burning' as harmonized agriculture sectors. In EDGAR,

we combine the original solvent sector and the building sector as the harmonized housing sector.
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Table S3: Mapping table of modeling MOZART species between MEIC emission inventory and global emission inventory

(CEDS), used for harmonized emission inventories.

WRF_Chem MOZART species VOC groups Species hame MEIC species global emission inventory species

C,Heg alkanes ethane ETHA VOCO02-ethane

CsHg alkanes propane ALK2 VOCO03-propane
BIGALK alkanes butanes ALK3 VOCO04-butanes
BIGALK alkanes pentanes ALK4 VOCO05-pentanes
BIGALK alkanes hexanes AKL5 VOCO06-hexanes-pl
CoHa alkenes ethene ETH VOCO07-ethene

CsHe alkenes propene HC3 VOCO08-propene
BIGENE alkenes butenes IOLE VOC22-other-alka
CoH» alkynes acetylene CO*Ratio CO*Ratio

ISOP alkynes Isoprene ISOP VOC22-other-alka*Ratio
CioH16 alkynes 3-methylbutanal TERP VOC22-other-alka*Ratio
BENZENE aromatics benzene TOL*Ratio VOC14-toluene*Ratio
TOLUENE aromatics toluene TOL*Ratio VOC14-toluene
XYLENE aromatics xylenes XYL VOC15-xylene

CH,O OVOCs formaldehyde FORM VOC23-ketones*Ratio
CHsCHO OVOCs acetaldehyde ACET VOC23-ketones*Ratio
CoH50OH OVOCs ethanol ETOH VOCO01-alcohols*Ratio
CHs0OH OVOCs methanol MEOH VOCO01-alcohols*Ratio
MGLY OVOCs methyl glyoxal MGLY n.a.

MEK OVOCs methyl ethyl ketone MEK n.a.

CH3;COCH; OVOCs acetone ACET VOC23-ketones*Ratio
MVK OVOCs methyl ethyl ketone MVK VOC23-ketones*Ratio
GLY ovoC glyoxal GLY n.a.

The ratios are adopted from Carter (2015).
n.a. indicates that the species is not present in the inventories.
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Table S4: Mapping table of main categories of sources in source pro les to CINEI

Categories in source pro le source pro le CINEI

Sationary combustion Shaetal. (2021) Power

Solvent use/Industrial process Mo et al. (2016) Industry

Fossil fuel burning Mo et al. (2016) Residential
Transportation Mo et al. (2016) Transportation
Biomass burning Mo et al. (2016)  Agriculture
Waste incineration Shaetal. (2021) Waste
Transportation Mo et al. (2016) Aviation
Transportation Mo et al. (2016)  Shipping

12



Table S5: Maximum incremental reactivity (MIR) of individual NMVOC species (Unitless).

SPECIE NAME Maximum incremental reactivity mapping to modeling species
Ethane 0,28 eHe
Propane 0,49 §Hg
i-Butane 1,15 BIGALK
n-Butane 1,15 BIGALK
Cyclopentane 2,39 BIGALK
i-Pentane 1,45 BIGALK
n-Pentane 1,31 BIGALK
Methylcyclopentane 2,91 BIGALK
Cyclohexane 1,25 BIGALK
2,2-Dimethylbutane 1,17 BIGALK
2,3-Dimethylbutane 0,97 BIGALK
2-Methylpentane 1,50 BIGALK
3-Methylpentane 1,80 BIGALK
n-Hexane 1,24 BIGALK
Methylcyclohexane 1,70 BIGALK
2,3-DimethylPentane 1,34 BIGALK
2,4-Dimethylpentane 1,55 BIGALK
2-Methylhexane 1,19 BIGALK
3-Methylhexane 1,61 BIGALK
n-Heptane 1,07 BIGALK
2,2,4-Trimethylpentane 1,26 BIGALK
2,3,4-Trimethylpentane 1,03 BIGALK
2-Methylheptane 1,07 BIGALK
3-Methylheptane 1,24 BIGALK
n-Octane 0,90 BIGALK
n-Nonane 0,78 BIGALK
n-Decane 0,68 BIGALK
n-Un.a.ecane 0,61 BIGALK
Ethene 9,00 eH,
Propene 11,66 §He
1,3-butadiene 12,61 BIGENE
1-Butene 9,73 BIGENE

13



Table S5 continued from previous page

SPECIE NAME Maximum incremental reactivity mapping to modeling species
cis-2-Butene 14,24 BIGENE
trans-2-Butene 15,16 BIGENE
Isoprene 10,61 ISOP
1-Pentene 7,21 BIGENE
cis-2-Pentene 10,38 BIGENE
trans-2-Pentene 10,56 BIGENE
1-Hexene 5,49 BIGENE
Ethyne 0,95 GH>
Benzene 0,72 BENZENE
Toluene 4,00 TOLUENE
m/p-Xylene 7,80 XYLENES
Ethylbenzene 3,04 XYLENES
0-Xylene 7,64 XYLENES
Styrene 1,73 XYLENES
1,2,3-Trimethylbenzene 11,97 XYLENES
1,2,4-Trimethylbenzene 8,87 XYLENES
1,3,5-Trimethylbenzene 11,76 XYLENES
i-Propylbenzene 2,52 XYLENES
m-Ethyltoluene 5,49 TOLUENE
n-Propylbenzene 4,44 XYLENES
o-Ethyltoluene 5,49 TOLUENE
p-Ethyltoluene 5,49 TOLUENE
m-Diethylbenzene 7,10 XYLENES
p-Diethylbenzene 4,43 XYLENES
tetrachloromethane 0,00 NROG
Chloroform 0,04 NROG
Dichloromethane 0,00 NROG
Chloromethane 0,04 NROG
Tetrachloroethylene 0,04 NROG
Vinyl chloride 0,04 NROG
Formaldehyde 9,46 (0710))
Acetaldehyde 4.1 CyCHO
acrolein 7,54 GLY

14



Table S5 continued from previous page

SPECIE NAME Maximum incremental reactivity mapping to modeling species
Methanol 0,38 CHOH
Ethanol 0,66 GHsOH
Propionaldehyde/Propanal 7,54 GLY
Butyraldehyde/n-Butanal 7,54 GLY
Valeraldehyde/n-Pentanal 7,54 GLY
Isovaleraldehyde 7,54 GLY
Benzaldehyde 7,54 GLY
Hexanaldehyde/n-Hexanal 7,54 GLY
Acetone 0,36 MEK
Methyl ethyl ketone/Butanone 3,88 MVK
isopropanol 0,61 NROG
ethyl acetate 0,07 C{€OOH

The MIR values are adopted from Carter (2015).
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5 Setups of the WRF-Chem model and evaluation of the model

Table S6.Setups of the WRF-Chem model.

Model Parameters Descriptions

Simulation Periods January and July 2017

Spin-up Periods December 26th to December 30th, 2016
June 25th to June 30th, 2017

Horizontal Resolution 36 km (outer domain), 12 km (inner domain)

Vertical Resolution 33 eta levels up to 50 hPa

Meteorological Initial/Boundary Conditions ERAS5, 3-hourly

Chemical Initial/Boundary Conditions CAM-Chem outputs, 6-hourly

Microphysics Purdue-Lin (Gharaylou et al., 2009)

Cumulus Parameterization New Tiedtke (Janji994)

Shortwave Radiation RRTMG (lacono et al., 2008)

Longwave Radiation New Goddard (Chou and Suarez, 1999)
Land-surface Noah Land Surface Model (Liu et al., 2016)
Planetary Boundary Layer Mellor-Yamada-Janjie (Nakanishi and Niino, 2009)
Gas Phase Chemical Mechanism MOZART

Aerosol Scheme MOSAIC

Photolysis Scheme Madronich F-TUV
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Figure S7.Spatial distribution of meteorological sites.
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Several statistical metrics (Table S7) were employed to quantify the performance of each inv@nimiye average of
observations at all sites in the ROI, and N is the number of all available sites. The subscript i represents every individual site. P
is the pixel of model grid including site i. For the multiple sites in the same pixel, we calculated the average of sites to compare
with corresponding modeling valuesgMO is the monthly average of all modeling pixels including observational siteg,(M

and it represents the modeling result of each case, and can be valida®ed by

Table S7.Statistical metrics used for model validation, their calculation formulas, ranges, and the information provided from their values.

Metrics galculation Formulas Ranges | Information

NMB Aﬂ% [-1,+1 ] | A good performance is expected when
_ NMB is close to 0.

MNB Ni'd o [-1,+1 ] | Indicates the direction of overestima-

tion (positive values) and underestima-

tion (negative values).

MFB :'NilNM'—OO' [-2, 2] Normal distribution of bias around zerg.
Pi=1 —

MNAE | & IN:1 M 'OIO'J [0,+1 ] | Use MNAE when comparing errors

across different magnitudes, especially

_ for high interquartile models.

MAE Ni " iNzl Mi O [0,+1 ] Measures the absolute error in the orig-

q inal units of the data.
RMSE ) NiF iNzl Mi O ° [0,+1 ] Evaluates the magnitude of error be-
i tween predicted and observed values
R gt (M1 M)(01 O) [-1, 1] Evaluates the linear relationship be-

T (i m)PT N, (0 o)
tween the prediction and the observa-

tion.

Oi and M indicate the observational and modeled value of the data pair i, and N is the number of

data pairs in the comparisons.
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Table S8: Inter-annual emissions of N(NO,) from all emission inventories

Year emission inventories Transportation Residential Power Industry Agriculture Ships Aviation Waste

2008 MEIC 7,60 0,97 7,77 7,70 0,00 n.a. n.a. n.a. 24,
2009 MEIC 7,32 1,00 7,78 8,32 0,00 n.a. n.a. n.a. 24,
2010 MEIC 7,66 1,03 8,63 9,12 0,00 n.a. n.a. n.a. 26,
2011 MEIC 7,95 1,06 9,49 10,13 0,00 n.a. n.a. n.a. 28,
2012 MEIC 8,48 1,08 9,07 10,50 0,00 n.a. n.a. n.a. 29,
2013 MEIC 8,48 0,98 7,95 10,27 0,00 n.a. n.a. n.a. 27,
2014 MEIC 8,13 0,95 6,18 9,98 0,00 n.a. n.a. n.a. 25,
2015 MEIC 7,97 0,91 5,08 9,70 0,00 n.a. n.a. n.a. 23,
2016 MEIC 7,70 0,88 4,64 9,26 0,00 n.a. n.a. n.a. 22,
2017 MEIC 7,72 0,85 4,19 9,19 0,00 n.a. n.a. n.a. 21,
2018 MEIC 7,38 0,818 3,99 9,20 0,00 n.a. n.a. n.a. 21,
2019 MEIC 7,22 0,80 3,89 8,98 0,00 n.a. n.a. n.a. 20,
2020 MEIC 6,79 0,79 3,73 8,43 0,00 n.a. n.a. n.a. 19,
2008 CAMs 3,99 0,91 6,98 7,59 0,63 0,13 0,01 n.a. 20,
2009 CAMs 3,89 0,92 6,70 8,08 0,66 0,13 0,01 n.a. 20,
2010 CAMs 4,03 0,92 6,71 8,51 0,65 0,12 0,02 n.a. 20,
2011 CAMs 4,42 0,95 6,83 9,06 0,65 0,12 0,02 n.a. 22,
2012 CAMs 4,81 0,96 6,50 8,93 0,65 0,12 0,02 n.a. 22,
2013 CAMs 5,02 0,98 6,67 8,86 0,68 0,12 0,02 n.a. 22,
2014 CAMs 5,12 0,99 6,53 8,71 0,65 0,63 0,02 n.a. 22,
2015 CAMs 5,38 1,01 6,13 8,71 0,68 0,67 0,02 n.a. 22,
2016 CAMs 5,33 1,00 5,82 8,62 0,68 0,17 0,02 n.a. 21,
2017 CAMs 5,29 0,99 5,51 8,54 0,67 0,13 0,02 n.a. 21,
2018 CAMs 5,25 0,98 5,23 8,45 0,67 0,13 0,02 n.a. 20,
2019 CAMs 5,20 0,97 4,96 8,37 0,66 0,56 0,02 n.a. 20,
2020 CAMs 5,16 0,96 4,70 8,28 0,66 0,69 0,02 n.a. 20,
2008 CEDS 7,11 1,68 11,16 6,81 0,66 0,01 n.a. 0,55 27,
2009 CEDS 6,88 1,71 10,78 7,26 0,69 0,01 n.a. 0,59 27,
2010 CEDS 7,00 1,78 10,13 7,93 0,68 0,02 n.a. 0,64 28,
2011 CEDS 7,22 1,85 11,08 8,79 0,68 0,02 na. 0,69 30,
2012 CEDS 7,65 1,92 10,74 9,05 0,69 0,01 n.a. 0,74 30,
2013 CEDS 7,65 1,83 9,72 8,72 0,71 0,01 n.a. 0,79 29,
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Table S8 continued from previous page

Year emission inventories transportation residential power industry agriculture ships aviation waste

2014 CEDS 7,40 1,76 7,82 8,58 0,69 0,01 n.a. 0,84 27,
2015 CEDS 7,30 1,69 6,58 8,43 0,72 0,02 n.a. 0,83 25,
2016 CEDS 7,05 1,61 6,25 7,87 0,72 0,02 n.a. 0,83 24,
2017 CEDS 7,07 1,56 5,97 7,61 0,72 0,02 n.a. 0,83 23,
2018 CEDS 7,06 151 5,60 7,53 0,73 0,02 n.a. 0,83 23,
2019 CEDS 7,11 1,49 5,29 7,52 0,73 0,02 na. 0,83 22,
2008 HTAP 5,50 1,82 8,96 7,74 0,78 1,15 0,09 0,01 26,
2009 HTAP 6,08 1,87 9,07 8,44 0,84 1,23 0,09 0,02 27,
2010 HTAP 6,50 1,96 9,86 9,19 0,79 1,30 0,12 0,02 29,
2011 HTAP 7,06 2,02 10,55 9,70 0,84 136 0,11 0,02 31,
2012 HTAP 7,10 2,04 9,84 9,81 0,85 156 0,13 0,02 31,
2013 HTAP 7,05 1,96 8,92 9,22 0,86 1,799 0,14 0,02 29,!
2014 HTAP 7,19 1,98 7,63 9,04 0,79 1,88 0,16 0,02 28,
2015 HTAP 6,88 2,03 6,78 8,00 0,82 1,70 0,18 0,03 26,
2016 HTAP 6,65 1,95 6,19 7,64 0,78 1,76 0,21 0,03 25,
2017 HTAP 6,67 1,89 5,59 7,58 0,74 1,98 0,24 0,03 24,
2018 HTAP 6,46 1,76 4,60 7,19 0,71 204 0,24 0,03 23,
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Table S9: Inter-annual emissions of CO from all emission inventories

Year

emission inventories transportation residential power industry agriculture ships aviation waste sur

2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2008
2009
2010
2011
2012
2013

MEIC 32.42 69.80 3.25 79.99 n.a. n.a. n.a. n.a. 185.4¢
MEIC 30.39 70.84 3.32 81.03 n.a. n.a. n.a. n.a. 185.5¢
MEIC 31.96 70.91 3.79 79.44 n.a. n.a. n.a. n.a. 186.0¢
MEIC 30.25 71.58 4.43 76.03 n.a. n.a. n.a. n.a. 182.2¢
MEIC 29.36 72.37 451 73.68 n.a. n.a. n.a. n.a. 179.92
MEIC 29.75 69.23 4.69 72.63 n.a. n.a. n.a. n.a. 176.3C
MEIC 27.24 66.60 4.50 65.14 n.a. n.a. n.a. n.a. 163.4¢
MEIC 28.88 63.93 4.47 56.02 n.a. n.a. n.a. n.a. 153.3C
MEIC 26.19 60.35 458 50.58 n.a. n.a. n.a. n.a. 141.6€
MEIC 25.18 56.89 4.84 49.03 n.a. n.a. n.a. n.a. 135.94
MEIC 23.71 57.52 5.12 47.21 n.a. n.a. n.a. n.a. 133.5¢€
MEIC 22.16 54.73 5.18 46.30 n.a. n.a. n.a. n.a. 128.37
MEIC 19.54 52.40 5.14 45.23 n.a. n.a. n.a. n.a. 122.32
CAMs 16.21 36.73 2.23 49.39 n.a. 0.01 0.00 n.a. 104.57
CAMs 13.66 35.53 2.30 53.67 n.a. 0.01 0.01 n.a. 105.17
CAMs 12.14 33.60 2.45 57.77 n.a. 0.01 0.01 n.a. 105.9¢
CAMs 13.37 32.36 2.56 61.98 n.a. 0.01 0.01 n.a. 110.2¢
CAMs 14.44 31.05 2.57 63.27 n.a. 0.01 0.01 n.a. 111.3¢5
CAMs 16.33 29.96 2.67 65.67 n.a. 0.01 0.01 n.a. 114.65
CAMs 16.78 28.89 2.72 65.17 n.a. 0.07 0.01 n.a. 113.6:
CAMs 16.49 28.73 271 64.77 n.a. 0.07 0.01 n.a. 112.7¢
CAMs 15.91 28.24 271 63.95 n.a. 0.02 0.01 n.a. 110.8¢5
CAMs 15.36 27.80 271 63.18 n.a. 0.02 0.01 n.a. 109.0¢
CAMs 14.83 27.34 2.71 62.44 n.a. 0.02 0.01 n.a. 107.3¢
CAMs 14.32 26.87 271 61.73 n.a. 0.08 0.01 n.a. 105.72
CAMs 13.83 26.51 2.70 61.05 n.a. 0.09 0.01 n.a. 104.1¢
CEDS 33.06 70.77 12.73 75.78 n.a. 0.00 n.a. 3.44  195.7
CEDS 28.94 71.85 15.08 77.06 n.a. 0.00 n.a. 3.74  196.6
CEDS 27.88 7177 16.68 75.25 n.a. 0.00 n.a. 4.03 195.6:
CEDS 26.16 72.50 18.38 71.93 n.a. 0.00 n.a. 433 193.3
CEDS 25.16 73.35 18.62 69.50 n.a. 0.00 n.a. 4.64  191.2
CEDS 25.45 70.38 19.75 68.57 n.a. 0.00 n.a. 494  189.1
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Table S9 continued from previous page

Year emission inventories transportation residential power industry agriculture ships aviation waste sur
2014 CEDS 23.18 67.73 19.05 61.68 n.a. 0.00 n.a. 5.25  176.8:
2015 CEDS 24.68 65.21 17.78 53.21 n.a. 0.00 n.a. 5.25  166.1:
2016 CEDS 22.19 61.65 17.83 47.96 n.a. 0.00 n.a. 5.25 154.8
2017 CEDS 21.17 58.35 18.18 46.41 n.a. 0.00 n.a. 5.25  149.3
2018 CEDS 19.50 57.24 18.08 46.55 n.a. 0.00 n.a. 5.25  146.6
2019 CEDS 18.02 56.50 18.00 46.93 n.a. 0.00 n.a. 5.25 144.7
2008 HTAP 28.55 58.41 1.53 84.55 0.45 0.28 0.03 0.01 173.8C
2009 HTAP 28.97 59.23 1.39 88.17 0.44 0.30 0.03 0.01 178.5¢
2010 HTAP 28.76 59.75 1.65 88.51 0.44 0.31 0.04 0.01  179.47
2011 HTAP 30.12 56.96 2.03 92.78 0.45 0.33 0.04 0.01 182.72
2012 HTAP 30.91 54.14 1.82 91.34 0.46 0.38 0.04 0.01 179.1C
2013 HTAP 30.71 50.79 1.70 92.82 0.47 0.43 0.05 0.01 176.9¢
2014 HTAP 31.02 49.46 1.57 89.56 0.47 0.45 0.05 0.01 172.61
2015 HTAP 30.68 49.34 1.59 83.53 0.48 0.41 0.06 0.01 166.0¢
2016 HTAP 27.82 46.58 1.63 75.39 0.47 0.42 0.07 0.01  152.3¢
2017 HTAP 26.75 43.91 1.72 73.10 0.48 0.48 0.08 0.01 146.5Z
2018 HTAP 23.32 39.08 1.86 63.97 0.48 0.49 0.08 0.01  129.2¢
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Table S10: Inter-annual emissions of NMVOCs from all emission inventories

Year emission inventories transportation residential power industry agriculture ships aviation waste sur

2008 MEIC 6.57 5.58 0.06 11.34 0.00 n.a. n.a. n.a. 23.55
2009 MEIC 6.07 5.64 0.06 12.37 0.00 n.a. n.a. n.a. 24.14
2010 MEIC 6.06 5.69 0.07 14.00 0.00 n.a. n.a. n.a. 25.82
2011 MEIC 5.75 5.75 0.08 15.29 0.00 n.a. n.a. n.a. 26.87
2012 MEIC 5.63 5.80 0.08 16.53 0.00 n.a. n.a. n.a. 28.03
2013 MEIC 5.58 5.61 0.08 16.76 0.00 n.a. n.a. n.a. 28.03
2014 MEIC 5.12 5.43 0.08 18.38 0.00 n.a. n.a. n.a. 29.00
2015 MEIC 5.39 5.13 0.08 17.83 0.00 n.a. n.a. n.a. 28.42
2016 MEIC 4.96 4.85 0.08 18.38 0.00 n.a. n.a. n.a. 28.28
2017 MEIC 4.79 4.60 0.08 19.07 0.00 n.a. n.a. n.a. 28.53
2018 MEIC 4.36 4.80 0.06 18.57 0.00 n.a. n.a. n.a. 0.00

2019 MEIC 4.48 4.75 0.07 19.91 0.00 n.a. n.a. n.a. 29.21
2020 MEIC 4.23 4.55 0.06 18.31 0.00 n.a. n.a. n.a. 27.15
2008 CAMs 2.63 10.35 5.24 5.05 n.a. 0.00 n.a. 0.48 23.73
2009 CAMs 2.52 10.48 5.52 5.32 n.a. 0.00 n.a. 050 2434
2010 CAMs 2.62 10.51 6.04 5.61 n.a. 0.00 n.a. 0.53 25.31
2011 CAMs 2.91 10.65 6.38 5.96 n.a. 0.00 n.a. 055 26.45
2012 CAMs 3.14 10.72 6.35 5.89 n.a. 0.00 n.a. 0.57 26.67
2013 CAMs 3.57 10.85 6.52 5.83 n.a. 0.00 n.a. 0.59 27.36
2014 CAMs 3.76 10.96 6.54 5.84 n.a. 0.01 na 0.60 27.71
2015 CAMs 4.31 11.13 6.49 5.75 n.a. 0.01 n.a 0.62 28.31
2016 CAMs 4.16 11.10 6.53 5.74 n.a. 0.00 n.a. 0.62 28.16
2017 CAMs 4.02 11.08 6.58 5.72 n.a. 0.00 n.a. 0.62 28.03
2018 CAMs 3.89 11.06 6.63 5.71 n.a. 0.00 n.a. 0.62 27.91
2019 CAMs 3.76 11.03 6.67 5.69 n.a. 0.01 n.a 0.62 27.79
2020 CAMs 3.64 11.02 6.72 5.68 n.a. 0.01 na 0.62 27.69
2008 CEDS 7.08 10.20 3.11 2.81 1.29 0.00 n.a. 0.03 24.53
2009 CEDS 5.91 11.07 3.15 3.45 1.33 0.00 n.a. 0.04 24.96
2010 CEDS 5.37 11.86 3.46 4.29 1.37 0.00 n.a. 0.05 26.40
2011 CEDS 5.06 12.61 3.75 4.56 1.22 0.00 n.a. 0.05 27.25
2012 CEDS 4.89 13.49 3.90 4.80 1.26 0.00 n.a. 0.05 28.40
2013 CEDS 4.85 13.32 4.08 4.84 1.25 0.00 n.a. 0.06  28.39
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Table S10 continued from previous page

Year emission inventories transportation residential power industry agriculture ships aviation waste sur

2014 CEDS 4.42 14.57 4.14 4.89 1.20 0.00 n.a. 0.06  29.29
2015 CEDS 4.69 13.61 4.23 4.95 1.34 0.00 n.a. 0.06 28.88
2016 CEDS 4.40 4.22 4.44 14.46 1.35 0.00 n.a. 0.06 28.93
2017 CEDS 4.10 13.94 4.66 4.87 1.35 0.00 n.a. 0.06  28.98
2018 CEDS 3.79 13.88 4.68 4.89 1.36 0.00 n.a. 0.06 28.66
2019 CEDS 3.51 13.84 4.70 4.93 1.36 0.00 n.a. 0.06  28.39
2008 HTAP 6.24 11.58 0.07 3.35 2.01 0.03 0.00 0.50 23.79
2009 HTAP 6.36 12.30 0.07 3.58 2.07 0.04 0.00 0.53 24.95
2010 HTAP 6.41 13.13 0.09 3.98 2.12 0.04 0.00 0.55 26.33
2011 HTAP 6.68 14.23 0.10 4.24 1.89 0.04 0.00 0.58 27.77
2012 HTAP 6.77 14.97 0.10 4.44 1.97 0.05 0.00 0.60 28.91
2013 HTAP 6.67 15.70 0.11 4.65 1.94 0.05 0.00 0.62 29.73
2014 HTAP 6.76 16.47 0.10 4.80 1.87 0.06 0.00 0.64 30.70
2015 HTAP 6.71 16.42 0.10 4.90 1.89 0.05 0.00 0.66 30.73
2016 HTAP 6.18 16.69 0.11 5.05 2.06 0.05 0.00 0.68  30.82
2017 HTAP 5.96 17.07 0.11 5.24 2.04 0.06 0.00 0.70 31.18
2018 HTAP 5.30 17.81 0.13 5.60 2.03 0.06 0.00 0.71  31.65
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6 Identi cation of Key Sectors for Ozone Precursors Emission

Given the rapid changes in emissions and mitigated human activity in recent years in China, we need to identify the key sectors
with fast shifts and diverse trends in total trend. We use the methodology introduced in section 2.2, step 1 of the main-body
text. Table S11-Table S13 present the spreadsheet for calculation of trend assessment of integrated emission inventory for NO
CO and NMVOCs emissions.

Key sectors of NQ emission indicated by integrated emission inventory are power (49% for trend contribution and -0.33 Tg
yr 1 for linear slope), industry (23% and 0.01 Tg ), ships (21% and 0.07 Tg yt), as well as aviation (3% and 0.01 Tg
yr 1)in descending order. The trend contribution of these four sectors amounts to 95% collectively. Emerged sources, such as
shipping and aviation, show an increasing trend and are opposite to the total emission trend. Key sectors of CO emission are
industry (39% and -3.6 Tg yr*), residential (22% and -1.8 Tg yt), power (13% and 0.14 Tg yt), waste (13% and 0.15
Tgyr 1), and transportation (11% and -1.0 Tg yJ. Key sectors of NMVOC emission are industry (50% and 0.65 Tdyr
transportation (31% and -0.18 Tg ), and residential (18% and -0.11 Tg V).

The identi cation of key sectors ensures that three extra sectors we determined to be aggregated from global emission inven-
tory (shipping, waste, and aviation) are particularly signi cant for emission inventory compilation. The aggregation level and
breaking down of sectors adapted to IPCC suggestions (Intergovernmental Panel on Climate Change (IPCC), 2006). Therefore
aggregation of sectors reveals diverse changes and trends over years. The inclusion of three extra sectors from global emis
sion inventory (shipping, waste, and aviation) implies the roles of missing sectoral emissions that cannot be ignored for ozone

changes and emission inventory construction. These emission amounts require more attention regarding ozone mitigation.

Table S11.Trend assessment of integrated Ngdnission

Sectors Precursors  Emission in 2008 Emission in 2020 Trend Contribution Cumulative Trend
power NG 5.13 2.46 0.12 0.49 0.49
industry NG 5.09 5.57 0.06 0.23 0.72
ships NQ 0.82 1.65 0.05 0.21 0.93
aviation NG 0.06 0.16 0.01 0.03 0.95
waste NQ 0.16 0.24 0.01 0.02 0.98
residential NQ 0.64 0.52 0.00 0.01 0.99
agriculture NQ 0.19 0.21 0.00 0.01 1.00
transportation NQ@ 5.02 4.48 0.00 0.00 1.00
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Table S12.Trend assessment of integrated CO emission

Sectors Precursors  Emission in 2008 Emissionin 2020 Trend Contribution Cumulative Total
industry CO 79.99 45.23 0.05 0.39 0.39
residential CcoO 69.80 52.40 0.03 0.22 0.62
power CcO 3.25 5.14 0.02 0.13 0.75
waste CcO 3.44 5.25 0.02 0.13 0.87
transportation CcO 32.42 19.54 0.01 0.11 0.98
ships CcO 0.29 0.58 0.00 0.02 1.00
aviation (6{0) 0.03 0.08 0.00 0.00 1.00
agriculture CO 0.00 0.00 - - -

Table S13.Trend assessment of integrated NMVOC emission

Sectors Precursors  Emission in 2008 Emission in 2020 Trend Contribution Cumulative Total
industry NMVOC 11.34 18.31 0.21 0.50 0.50
transportation NMVOC 6.57 4.23 0.13 0.31 0.81
residential NMVOC 5.58 4.55 0.08 0.18 0.98
agriculture NMVOC 1.29 1.36 0.00 0.01 0.99
ships NMVOC 0.04 0.07 0.00 0.00 1.00
waste NMVOC 0.03 0.06 0.00 0.00 1.00
power NMVOC 0.06 0.06 0.00 0.00 1.00
aviation NMVOC 0.00 0.00 0.00 0.00 1.00
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7 Sub-sectoral emissions of emission inventories

Figure S8 shows the changes in Némissions from the six important sectors over the period 2008 to 2020. In the MEICv1.4
inventory, the electricity generation sector accounts for the largest amount,aéiSsions, with an annual average of 6.3 Tg,

or 26% of the total. In addition, transportation and industrial activities account for a large share: diesel vehicle (4.8 Tg, 19.9%),
petrochemicals (2.5 Tg, 10.1%), Non-road mobile source (2.4 Tg, 10.0%), heating (2.4 Tg, 9.9%), and coking (1.7 Tg, 7.0%).
For comparison with global emission inventories, we compared electricity generation in MEICv1.4 to the sum of electricity
public and autoproducer and other transformation (1Ala and 1Albc) in CEDS and EDGAR emission inventories. MEIC and
EDGAR NQ, emission from electricity generation (7.4 Tg and 6.3 Tg on annual average respectively) are higher than CEDS
(5.4 Tg), but EDGARV6 has not declined as rapidly as MEIC and CEDS since 2012. The updated EDGARVS inventory provides
electricity generation (power) emission peaks earlier (in 2012) than previous versions, but the emission level still lower than the
values of other inventories. For transportation sector, due to different sub-categories in MEIC emission inventory and global
El, we have aggregated all transport-related sectors in each emission inventories for better comparison. In MEIC inventory, we
mapped gasoline vehicles, diesel vehicles, motorcycle, and non-road mobile sources with transportation on the road (suggeste
by IPCC code 1A3b), on the rail (1A3c), and other transportation together in global CEDS and EDGAR inventoties. NO
emissions during transportation in MEIC emission inventory (7.7 Tg) are higher than global emission inventories (5.5 Tg).
Leakage or release of N@uring oil and gas storage and transportation can be up to 0.003 Tg, which has not been taken into
account in the emission inventory for MEIC. In addition, Némissions from agricultural soil nitrogen fertilizers are integral

(3D), with the global CEDS emission inventory reporting average annual emissions of 0.5 Tg for mainland China. The global
EDGARV6 emission inventory reports that managing direct emissions of nitrous oxy@® fhom agricultural soils emits

about 0.7 Tg of NQ (3D).

Figure S11 shows differences of sectoral emission between existing emission inventories and integrated emission inventory
(emission of four existing emission inventories minus integrated inventory). Fqréd@ssion, CAMs emission inventory
provides evidently lower emission comparing with integrated inventory, attributing to transportation (-2.2 Tg), shipping (-2.0
Tg), and waste emission (-0.3 Tg). And power generation emission and agriculture of global emission inventories take positive
contribution (2.3 Tg) for the difference. The largest difference across emission inventories occurs in 2014. In EDGAR version
8, NO, emissions peak earlier (in 2012) than in the previous version, as in MEIC and CEDS. However, the total values are
still lower than those of other inventories. Energy N&f EDGAR v8 mainly derives the changes over the years and the
maximum value (about 9 Tg) occurs in 2011. Energy,N® previous EDGAR versions has no obvious changes over the
years. Residential NOemissions for CEDS (MEIC) are the highest (lowest) of all inventories with an annual mean of 1.9 (0.9)
Tg. Transport N@ emissions (annual mean of 3.6 Tg) from edgarv6 (8) are closer to those from HTAP (4.3 Tg), but are still
the lowest of all inventories.

Figure S9 shows the changes in inter-annual CO emission for mainland China (Tg) over the period 2008 to 2020 for six
important sectors. The top six sectors in terms of average annual CO emissions and their percentages of the total are: coa
combustion 36.7 Tg and 23.4%; coking 29.3 Tg and 18.7%; civilian biomass combustion 25.0 Tg and 18.7%, gasoline vehicle
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22.3 Tg and 14.2%; other industries 15.9 Tg and 10%; petrochemical 6.9 Tg and 4.4%. Global CEDSv2021 CO from residential
sector (68.8 Tg on annual average) are more in line with MEIC emission inventory (61.7 Tg) than EDGARV6 (31.9 Tg), and
EDGAR residential CO emission has 50% underestimation comparing to MEIC and CEDS inventory. In the transportation
sector, we similarly nd that CEDS transportation CO emission (25.5 Tg on annual average) follow the same trend as MEIC
emission inventory (27.3 Tg) but are slightly higher than MEIC inventory, while EDGAR transportation CO emissions (5.1 Tg)
are much lower than other emission inventories. In addition, we compare the subsectoral emissions of the two global inventories
according to the de nitions established by the IPCC: EDGAR underestimates the emissions from road transportation; And
EDGARV6 overlooks oil and tanker transportation emission accounting as 0.3 Tg in CEDS inventory; In addition, neither
MEICv1.4 nor EDGARV6 consider the waste sector (4A, 4B, 4C, 4D, and 4E in the IPCC codes), which in the CEDS emission
inventory emits 5 Tg of CO; In both MEIC and CEDS, there is a rapid decrease in CO emissions from the metal production
sector (2C), but in the EDGAR inventory (version 6 and 8), there is increasing variability.

For CO emission, CAMs emission inventory has large negative deviation from other emission inventories, ascribing to
residential (-28.0 Tg) , transportation (-8.8 Tg), and waste emission (-5.2 Tg). HTAP emission inventory has lower residential
emission (-16.7 Tg), but it is counteracted by higher industry emission (16.3 Tg). And each year the two sectors change in the
same proportion, which suggests A subsector is compiled in the industry sector of HTAP inventory, which in turn belongs to
the residential sector of integrated inventory. The largest difference across emission inventories occurs in 2012. Agricultural
CO emissions (biomass burning in agriculture) from EDGARvV8 account for about 8 Tg, whereas the previous version did not
include this sector for CO emissions. Transport CO emissions from EDGAR versions 6 and 8 appear to be lower (around 5 TQ)
than other inventories (around 27 Tg). Transport,NMissions (annual average of 3.6 Tg) from EDGARV6 (8) are closer to
those from HTAP (4.3 Tq), but are still the lowest of all inventories.

Figure S10 shows the changes in NMVOC emission over the period 2008-2020 for six important sectors. The top six
sectors in terms of average annual NMVOC emissions and their percentages of the total are: industrial painting source 4.8
Tg and 18.4%; gasoline vehicles 3.9 Tg and 14.8%; civilian biomass combustion 2.9 Tg and 11.2%, iron and steel industry
2.8 Tg and 10.9%; other industries 12.8 Tg and 10.9%,; architectural coating 1.4 Tg and 5.4%. One of the main contributors
for NMVOCs emission is solvent source (2D, 2H, and 2L). We mapped the sum of industrial painting, printing and dyeing,
architectural coatings and other industry source in MEICv1.4 to the sum of chemical-products-manufacture-processing source,
paint application, and other process emission (2D), in global emission inventories (CEDSv2021 and EDGARV6). Solvent
NMVOC emissions (2D) in the three emission inventories show an increasing trend, with linear slopes and annual averages
of 0.5 Tg yr! and 7.6 Tg, respectively, for MEICv1.4, 0.6 Tgyand 10.1 Tg, respectively, for CEDSv2021, and 0.2 T§ yr
and 7.8 Tg, respectively, for EDGARV6. MEICv1.4 ignores NMVOC emissions from agricultural activities, the total amount
of which can be referred to the global emission inventories. According to CEDS recommendations, NMVOC emissions from
sheries are 0.4 Tg yt.

For NMVOC emission, CAMs emission inventory still underestimates NMVOCs in residential (-8.8 Tg), industry (-8.8 Tq),
agriculture (-8.8 Tg). CEDS has higher energy emission 4.6 Tg, and offset by negative industry emission by -4.5 Tg, which
is from subsector fugitive emission. The industrial NMVOC emission of EDGARV8 has the highest values (16 Tg) compared
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to other inventories (15 Tg). Industry NMVOC emission of edgarv8 is lower than that in EDGARvV6 by 2 Tg, which can be
attributed to the missed sector in version 8 fugitive emission from soil fuel, and relatively lower (4.6 Tg) sector of production
of solvent use than one (5.4 Tg) in EDGARV6. Industry NMVOC emission takes proportion about 60% of total emission,
and derived the increasing trend of total values. EDGARV8 provides two more years of data suggesting a recovery after the
COVID closure (2020). Residential NMVOC emissions (1A3 and 1A4) decreased in all inventories compared to 2008. HTAP
provides the lowest values for NMVOC emissions in the residential sector with an annual average of 3.3 Tg. Road transport
emissions account for the largest share of transport emissions in all global inventories, and road transport NMVOC emissions
from EDGARVS are slightly higher than those from version 6.

Emissions of CO and NQare well controlled in the major sources, with upward trends observed in all sources except
heating sources. Among all sources, emissions from residential biomass combustion show a sharp downward trend, while
emissions from residential chemical use exhibit an upward trend. The major sources of CO,amchid§lons were mitigated
around 2010 to 2013: CO emissions from coal combustion and industrigled@ssions from MEICv1.4 peaked in 2012,
while the major sources of NMVOC emissions, such as industrial painting, dyeing and printing, and iron and steel production,
peaked around 2018. NMVOC emissions are diverse and dispersed among many small and numerous sources, such as craf
and construction. Reducing NMVOC emissions remains challenging.

In summary, the changes in MEICv1.4 are consistent with China's timetable for implementing mitigation. CEDSv2021
incorporates the major sectors of the MEIC inventory, making CEDS similar to the changes in the MEIC inventory. However,
the EDGAR data peaks a few years later than the former two, and the emissions are relatively low. Furthermore, CEDS provides
more sectoral emissions data, such as waste CO emissions, agricultural ga@hh&3ions, etc., and offers a very detailed
categorization based on of cial IPCC codes. This enhances our inter-comparison of key sectoral emissions in regional and
global emission inventories and identi es sectors that emission inventories fail to notice. Full integration of sectoral emissions
would therefore require an exhaustive comparison of all available emission indicators and the development of categorization
criteria based on the IPCC report.
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Figure S8.Interannual variation of top-6 important sectoral emissions fox M@nainland China from MEICv1.4, unit: Tg.

Figure S9.Same content with Figure S7, but for CO.
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Figure S10.Same content with Figure S7, but for NMVOC.
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Figure S11. Differences of sectoral emissions over years from 2008 to 2010.
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Figure S11. Differences of sectoral emissions over years from 2011 to 2013.
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Figure S11. Differences of sectoral emissions over years from 2014 to 2016.
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