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FIGURE CAPTIONS

Figure S1. The annual emissions and the relative changes over China from 2013 to 2060. The
bottom plot shows China’s anthropogenic emissions of selected species for 2013, 2020, 2035, and
2060, and the upper plot shows the relative changes between years. The species include NH3, SO,,
NOx BC, OC, dust, primary PM,5s, NMVOCs, and CO. The emission data for 2013 and 2020 are
obtained from MEIC, and those for 2035 and 2060 are obtained from DPEC (the on-time peak-net
zero-clean air scenario).

Figure S2. Names and locations of provinces (grouped in seven regions).

Figure S3. Source-receptor matrices showing the annual PM,s-related marginal premature
deaths for 31 x 31 province attributable to a 10% growth of emissions by sector (agriculture,
industry, power, residential, and transportation) for (a) 2013, (b) 2020, and (c) 2035. Provinces
are grouped into seven regions (see Supplementary Fig. S2). The top-right percentage of each subplot
represents the fraction of cross-provincial exchange to the marginal premature deaths of the sector.
Figure S4. Source-receptor matrices showing the annual PM,s-related marginal premature
deaths for 31 x 31 province attributable to a 10% growth of emissions by precursor species
(NH3, SO, NOx, and primary PM,5) for (a) 2013, (b) 2020, and (c) 2035. Provinces are grouped
into seven regions (see Supplementary Fig. S2). The top-right percentage of each subplot represents
the fraction of cross-provincial exchange to the marginal premature deaths for the species.

Figure S5. Source-receptor matrices showing the annual ozone-related marginal premature
deaths for 31 x 31 province attributable to a 10% growth of NOx emissions. () The matrices
for 2013, 2020 and 2035 and (b) the differences between years. Provinces are grouped into seven
regions (see Supplementary Fig. S2).

Figure S6. Source-receptor matrices of annual ozone-induced marginal premature deaths for
31 x 31 provinces attributable to a 10% growth of emissions by sector for (a) 2013, (b) 2020

and (c) 2035. Provinces are grouped into seven regions (see Supplementary Fig. S2).



Figure S7. The same as Figure S5 but attributable to a 10% growth of NMVOCs emissions.
Provinces are grouped into seven regions (see Supplementary Fig. S2).

Figure S8. Comparisons of simulated PM,s and ozone with corresponding observations over
China for 2013 and 2020. (a) for PM. s concentration (ug m™). (b) for maximum daily 8-h average
(MDAB8) ozone concentration (ppbv). R, OBS, SIM, and NMB indicate the correlation coefficient,
observation, simulation, and normalized mean bias, respectively. The spatial distribution of average
PM,s and MDAS8 ozone concentrations during the research period are shown in the left. The
background indicates the simulated concentrations with GEOS-Chem forward model and circles
indicate the observed concentrations released by MEE or TAP. The scattered PM,s and ozone
concentration data are shown in the right, respectively. The red lines indicate the linear regression
lines.

Figure S9. Comparisons of simulated SNA with corresponding observations over China for
2013 and 2020. Black and red dotted lines represent the observations from TAP and simulations with
GEOS-Chem forward model. The spatial simulated and observed comparisons are shown as inset. R,

OBS, and SIM indicate the correlation coefficient, observation, and simulation, respectively.
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Figure S1. The annual emissions and the relative changes over China from 2013 to 2060. The
bottom plot shows China’s anthropogenic emissions of selected species for 2013, 2020, 2035, and

2060, and the upper plot shows the relative changes between years. The species include NHz, SO,
NOx BC, OC, dust, primary PM2s, NMVOCs, and CO. The emission data for 2013 and 2020 are

obtained from MEIC, and those for 2035 and 2060 are obtained from DPEC (the on-time peak-net

zero-clean air scenario).
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Figure S2. Names and locations of provinces (grouped in seven regions).
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Figure S3. Source-receptor matrices showing the annual PM,s-related marginal premature deaths for 31 x 31 province attributable to a 10%
growth of emissions by sector (agriculture, industry, power, residential, and transportation) for (a) 2013, (b) 2020, and (c) 2035. Provinces are
grouped into seven regions (see Supplementary Fig. S2). The top-right percentage of each subplot represents the fraction of cross-provincial exchange to
the marginal premature deaths of the sector.




SO, Primary PM; 5
da. _ -
60% = 67% 67% = w 37%
5 = o
oy — =
@ i 2
: =
o S.WC =
5 NWC = :
3.”2“5% gh: ai hi%js %‘31‘%?;5 gu:‘%;ggéri. %;g,“ ;? 1535;““?‘ n § :Hgiz“x
2 ! !
Source !
b.
”é 55% n.:: 56% ,,: 62% .= % 36%

1] ; ,1 281141 1 P JERIILELLTE -l iF g THiIT ; n.? e;gsui-;”_i i1
E?%; i ; Eg‘uégs% 3L HEPY ] 1§13 ;Hﬁ% L 11 iig g §'§ it E L

a

Figure S4. Source-receptor matrices showing the annual PM,, 5-related marginal premature deaths for 31 x 31 province attributable to a 10%
growth of emissions by precursor species (NH3z, SO,, NOx, and primary PM;;s) for (a) 2013, (b) 2020, and (c) 2035. Provinces are grouped into
seven regions (see Supplementary Fig. S2). The top-right percentage of each subplot represents the fraction of cross-provincial exchange to the marginal
premature deaths for the species.
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Figure S5. Source-receptor matrices showing the annual ozone-related marginal premature
deaths for 31 x 31 province attributable to a 10% growth of NOx emissions. (a) The matrices
for 2013, 2020 and 2035 and (b) the differences between years. Provinces are grouped into
seven regions (see Supplementary Fig. S2).
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Figure S6. Source-receptor matrices of annual ozone-induced marginal premature deaths for 31 x 31 provinces attributable to a 10% growth
of emissions by sector for (a) 2013, (b) 2020 and (c) 2035. Provinces are grouped into seven regions (see Supplementary Fig. S2).
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Figure S7. The same as Figure S5 but attributable to a 10% growth of NMVOCs emissions.
Provinces are grouped into seven regions (see Supplementary Fig. S2).



2013 PM, 5

200

175

-
@
(=]

-
]
(]

E
o
=
g AR L
Fol e
E 76 82 .'-4 {20 2013
® AR R = 0.86
S S0 . OBS = 54.4
E ° SIM = 55.9
v 25 o NMB = 2.8%
0
3 0 25 50 75 100 125 150 175 200
[ - -3
0 5 1 3 50 75 100 125 10 20 HIM Observed PMz25 (ug m-)
2020 PM, 5
— 200
175
s | E 150
> 2
= 125
;——f/ : .
- = 100 . .t
e s 2020
S - . . =0.79
S %0 . 0BS = 31.1
E SIM = 41.9
0 254 . NMB = 34.9%
300 25 5 75 100 125 150 175 200
[ -3
5 15 2 s 75 400 125 150 200 MG M Observed PM2s (ug m-)
b. 2013 MDAS8 ozone
80
— . . .
) o %®
& e & P
— g
(/1] e S e \f:‘ .‘. ‘e
< 50 .
o Seg v \]
N . bop oo "
o . ‘:' ’y . .
S| o SHHN
© y Q-_O'b' 2013
= . _._:' R=08
S st OBS =522
0 40 oL SIM=85.1
W $ NMB = 5.6%
- 30,
by 40 50 60 70 80
a4
o s @ s 5 e 74 e 100 PP Observed ozone (ppbv)
2020 MDAS8 ozone
—— 80
E 70 .
& o % e
= < 1% teg e
2oo{ o ~
I+] ° .
g -y ‘u-} ¢ «
-
B s0fe \'l.' " "
T e g 2020
= % N R=053
E LS . OBS =470
n 2 o SIM = 62.9
e “Xale NMB = 12.6%
Ll
b % 40 50 60 70 80
\ — 4 A
0 2 34 42 50 58 66 74 6 100 PP Observed ozone (ppbv)

Figure S8. Comparisons of simulated PM; s (a) and maximum daily 8-h average (MDAS8) ozone
concentration (b) with corresponding observations over China for 2013 and 2020. The spatial
distribution of average PM; s and MDAS8 0zone concentrations are shown in the left. The background
indicates the simulated concentrations with GEOS-Chem forward model and circles indicate the
observed concentrations released by MEE or TAP. The scattered PM, s and ozone concentration data
are shown in the right. The red lines indicate the linear regression lines. OBS, SIM, R, and NMB
indicate the observed and simulated concentration, correlation coefficient between them, and

normalized mean bias, respectively.
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Figure S9. Comparisons of simulated SNA with corresponding observations over China for
2013 and 2020. Black and red dotted lines represent the daily concentrations of nationwide average
from TAP observation and GEOS-Chem forward simulation, respectively. The spatial correlations
of observed and simulated annual concentration at the resolution of 0.25°x0.3125° are shown in the
inner boxes. OBS, SIM, and R indicate the daily concentration from TAP observation, GEOS-Chem
forward simulation, and correlation coefficient between them, respectively.



Table 1. Five main sectors with divided source categories and corresponding

abbreviations used in this study.

Sector Source categories Abbreviations
Agriculture - agriculture
combustion industry_combustion
iron & steel production industry_iron_steel
cement production industry_cement
coking industry_coking
other industrial process of production  industry_other_process
paint for architecture paint_architecture
Industry . . . . .
paint for vehicle production paint_vehicle
paint for wood paint_wood
paint for other industrial processes paint_other_industry
printing printing
pharmaceutical production pharmaceutical_production
other solvent use other_solvent_use
Power - power
rural energy use residential _rural
Residential urban energy use residential_urban

Transportation

waste treatment

on-road diesel vehicles
on-road gasoline vehicles
motorcycle

off-road traffic

waste

onroad_diesel
onroad_gas
motorcycle
offroad




Table 2. The proportions (%) of cross-provincial transport to national PM,s-related
marginal premature deaths for 31 provinces over China for 2013, 2020, 2035 and the

3-year averages.

Seven regions Province 2013 2020 2035 average
Beijing (BJ) 71 67 76 71
Northern China Tianjin (TJ) 67 75 73 72
(NC) Hebei (HeB) 44 45 42 44
Shandong (SD) 47 48 50 48
. Liaoning (LN 44 45 48 46
North?ﬁ\tﬁ/@fh'”a Jilin (JLE; - 51 62 70 61
Heilongjiang (HLJ) 41 44 55 47
. Shanghai (SH) 67 70 69 69
Yangtz(‘*YF;;E’)‘;r Delta  jiangsu (35) 54 51 52 52
Zhejiang (2J) 61 56 53 57
Henan (HeN) 56 56 58 57
_ Hubei (HuB) 58 54 61 58
Ce”t(rélc():h'”a Hunan (HuN) 61 61 68 63
Anhui (AH) 62 62 66 63
Jiangxi (IX) 63 67 70 67
Guangdong (GD) 55 64 64 61
Southern China Guangxi (GX) 67 75 76 73
(SC) Fujian (FJ) 51 47 53 51
Hainan (HaN) 80 85 88 84
Chongging (CQ) 48 37 33 40
Southwestern China Sichuan (SC) 39 33 33 35
(SWC) Guizhou (GZ) 55 45 58 53
Yunnan (YN) 44 42 41 42
Shaanxi (SaX) 41 28 25 31
Shanxi (SX) 47 46 46 46
Inner Mongolia (IM) 42 40 44 42
Northwestern China ~ Gansu (GS) 46 35 38 40
(NWC) Qinghai (QH) 31 29 26 29
Ningxia (NX) 48 38 40 42
Xinjiang (XJ) 0 0 0
Tibet (TB) 53 1 18
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