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Section S1. The calculation method of collision efficiency between raindrops and
aerosols

The three main collision mechanisms that underlie most theoretical derivations are
Brownian diffusion Eg,, directional interception E;,, and inertial impaction E;,,. They
were proposed by (Slinn, 1984) to calculate below-cloud wet scavenging coefficients
(BWSCs), as shown in Eq. (1). These mechanisms did not consider all scavenging
mechanisms, and therefore wet scavenging efficiency in the Greenfield gap was
underestimated (Seinfeld and Pandis, 2006). In real atmospheric conditions, falling
raindrops are also affected by fluctuating turbulence, raindrop evaporation, particle
fragmentation and particle charges (Wang et al., 2010). Turbulence, as well as raindrop
evaporation and fragmentation, can increase the concentrations of raindrops and aerosol
particles and so increase collision efficiency, which can have great influences on below-
cloud wet scavenging mechanisms. Based on the previous laboratory research and
theoretical derivation methods, thermophoresis E;, , diffusiophoresis E;; and
electrostatic interaction E,¢ are added, as shown in Eq. (S2). The equations of the six

mechanisms are summarized in Table S2.

E(D,,d,) = Epg+ Ein + Eimm (S1)

traditional
E(Dp’ dp)new - E(Dp' dp)traditional + Een + Eai + Ees (52)

The semi-empirical parameterized characterization of Brownian diffusion is (Slinn,

1984):

D,U(Dy)p e o kpTC .
bR gc = —E2_ and vapor diffusivity Dy;rr = —2=—<; ky, is the
2q PaDaiff 3mpgdp

where Re =

Boltzmann’s constant, and C. =1+ Z—A [1.257 + 0.4exp(— 0'dep)] that s
(4

Cunningham correction coefficients.

Directional interception is given by:

E —4dp +(1+2R %) dp (54)
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where w = Z—“, U, and w,, are the atmospherics and raindrop viscosity, respectively.
w

Inertial impaction is calculated by

St—St* 3
Fom = [0 (s5)
St—St*+ 3

N

2tU(D . ) . —pg)d3C
ZW0®Pp) o s relaxation time that T = LPPPIC g Ser =

p 18uq

where St =

1.2+In(1+Re)/12 . -
L2+n(+Re)/12 is the characteristic Stokes constant.
1+In(1+Re)

Thermophoresis is calculated according to Davenport and Peters (Davenport and

Peters, 1978):

1 1
4 (2 + 0.6ReiPr§) T-T,)

Een = (56)
U(Dy)Dy
_ 2Cc(kq+5Aky/dp)kq _ Cplia ..
where a = SP(LT6R/dy) kg tioy + 1000 )’ and Pr = o The thermal conductivity

of atmospheric and aerosol particles is closely related to temperature, whose semi-

empirical formulae are k, =2k, and k,=1.5207 x 1071173 —4.8574 x
1078T2 + 1.0184 x 107*T — 3.9333 x 10™*, respectively (Bae et al., 2009).

Differs from thermophoresis, diffusiophoresis occurs because of the movement of
aerosol particles due to the concentration gradient of the aerosol mixture. The

calculation of diffusiophoresis is given by (Bae et al., 2009):

1 1 0 0
48 (2 + ReiScw§) (p—s - M)

Egi = . T (57)
U(Dp)Dy
where g = 2x HBwy1/z, goy = H4 i5 Schmidt number of water vapor, D,, =
P "M, PaDw
6
0.211(27§15)(1'013§X10 is the diffusivity of water vapor. Vapor pressure (p°) at

atmospheric temperature 7 and vapor pressure (pl) at the surface temperature of a

raindrop ( T, ) are given by (Seinfeld and Pandis, 2006): p° = 1.0132 X

10%exp(13.3185a — 1.97a® — 0.6445a° — 0.1299a*), where a = 1 -2, and
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p? =1.0132 x 10%exp(13.3185a, — 1.97a2 — 0.6445a3 — 0.1299a?), where a, =

373.15
1-—

, respectively.

N

Andronache (2004a) found that collection efficiency due to charge effect exists
between raindrops and aerosol particles. It was assumed that the charges of raindrops
0 and aerosol particles g were opposite. Under this assumption, aerosol particles are
easily captured by electrostatic interaction when close to the falling streamline of the
raindrop surface. Electrostatic interaction mostly occurs in the case of charged cloud
precipitation, often accompanied by heavy precipitation weather. Collision efficiency
generated by electrostatic interaction is given by Davenport and Peters (1978):

_ 16KC.Qq
B 3nuaU(Dp)D1§dp

(58)

es

where Q = aaDg and g = aadzz, are the average electrification of raindrops and
aerosol particles, respectively. Generally, a is a constant with value of 0.83x107%. a is
an empirical parameter (C-m2) with the general range from 0 to 7. According to
previous observation results, 0 represents neutral and 7 occurs in the case of conductive
charging. Generally, a is set as 2 which characterizes the average charge intensity

(Pruppacher and Klett, 1997).
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Section S2. The observational method of raindrop size distribution in Beijing

A laser raindrop spectrograph (OTT Parsivel 2, Germany) was used for field
observation for one year (August 2017 to July 2018) to measure precipitation
parameters. The laser raindrop spectrograph was located 700 m east of the tower of the
Institute of Atmospheric Physics (IAP, 39°58'28"N, 116°22'1"E), Chinese Academy of
Sciences, Beijing. The central sampling area of the laser raindrop spectrograph was 180
mmx30 mm, and the sampling interval was 60 s. There were 32 non-isometric velocity
channels and 32 particle diameter channels with ranges of 0.2~20.8 m s™! and 0.25~25
mm, respectively.

In order to eliminate the influences of external environment and any instruments, the
observed raindrop spectra requires quality control and these data are removed: The first
two particle diameter channels and any raindrops with a particle diameter greater than
8 mm; results with a particle count of less than 10; and data for which deviation between
the observed velocity and the calculation results of empirical formula from Atlas et al.
Atlas et al. (1973) is greater than 5 m s ! (Xiong, 2016). After quality control, the

raindrop spectrum is calculated with the particle numbers in each channel (A D,):

n(D,) x 10000cm? - m=2

Ut(Dp)(m +571) XA D,(mm) X 54 x 60s (59

N(Dp)(mm m™3) =

Where U.(D,,) is calculated by the equation of raindrop terminal velocity given by

Atlas et al. (1973).



83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

109

110

Section S3. The measurement of BWSCs in Beijing
The measurement site is located on top of the two-floor building of the Institute of
Atmospheric Physics (IAP, 39°5828"N, 116°22'1"E) between the north 3™ and 4" Ring
Road of Beijing, China. It is a typical urban site with long-term observation of aerosols
components as well as the rainfall sampling for offline analysis (Sun et al., 2015; Xu et
al., 2019; Xu et al., 2017). Hourly data of PM>s compositions were observed by an
Ambient Ion Monitor-lon Chromatograph (AIM-IC) developed by URG Corp., Chapel
Hill, NC and Dionex Inc., Sunnyvale, CA, in 2014 (Xu et al.,, 2017) and in the
Atmospheric Pollution and Human Health Beijing (APHH-Beijing) campaign of 2016
(Xu et al., 2019). The rainfall sampling of every event was performed using an
automatic wet-dry sampler. After that, the samples were refrigerated at 0~4°C and
analyzed in a laboratory within one month, following the same procedure used for the
Acid Rain Monitoring Network run by the China Meteorological Administration (Tang
et al., 2010). Nine ions of SO4*, NOs", CI', F, NH4", Na*, K*, Ca?" and Mg** were
quantitatively measured by using ion chromatography (IC, Dionex 600, USA). More
detailed description on the measurement of PMa.s compositions and the chemical ions
in precipitation can be found in Xu et al. (2017). Besides, the partical size distribution
from 14 nm to 740 nm and from 0.4~10.35 pum were also measured by a scanning
mobility particle sizer (SMPS) and a polarization optical particle counter (POPC),
respectively. A single-particle aerosol mass spectrometer (SPAMS) was also deployed
during the APHH-Beijing winter campaign in China National Environmental
Monitoring Center, which is located in the northeast, 8 km away from the IAP sampling
site to obtain the chemical compositions with aerosol diameters ranging from 0.2 pm to
2.5 um. More detailed description can be found in Xu et al. (2019).

The existing approaches based on field observations to estimate BWSCs including
the followings. One approach is based on the change in the number concentration of

aerosols, called O1:

1 Ne(dy)
K(dp) -t In [Nl(dp)

] (510)
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where No(dp) and Ni(dp) are the measured aerosol particle number concentrations
before the rain occurs (to) and after the rain ends (t1), respectively (Laakso et al., 2003).
The second is estimated by the bulk model based on the aerosol mass balance within a
certain bulk, which assumes that there is a box with a horizontal area and vertical height

above the observation site, called O2:
K= P S11
“C@x7 h Gty

where C, and C,(0) are the paired aerosol concentrations in the precipitation and

C
ot xhi(2)
Yhoohi(2)

is the vertical distribution factor of aerosols (Andronache, 2004b; Okita et al., 1996).

aerosol at the surface, h is the cloud-base height during rainfall, and f =

The third is an improved method based on O2, called as O2’:

C P
S p 2
where Cpelow 1S the washout concentration that have been eliminated the rainwater
concentrations in each increment and C,’(0) is the aerosol concentration at the surface
that considered the cleansing effects of prevailing wind in Beijing from north and north-

west (Xu et al., 2019).
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Table S1. Physical parameterization schemes employed in WRF

Physics schemes

Options

Microphysics scheme

Predicted Particle Property scheme
(Morrison and Milbrandt, 2015)

Longwave radiation scheme

RRTMG scheme
(Iacono et al., 2008)

Shortwave radiation scheme

Goddard shortwave scheme
(Chou and Suarez, 1994)

Planetary boundary layer scheme

Yonsei University scheme
(Hong et al., 2006)

Surface layer scheme

MMS5 similarity scheme
(Jiménez et al., 2012)

Land surface scheme

Noah land surface model scheme
(Chen and Dudhia, 2001)

Cumulus parameterization scheme

Grell 3D scheme
(Grell, 1993; Grell and Dévényi, 2002)
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Table S2. List of formulas for raindrop and aerosol collision efficiencies and wet

scavenging coefficient

Wet scavenging coefficient and collision . Range of
. Equations
mechanisms value
. 4
Conventional Brownian Epq = —ReSC (1 + 0.4Rel/25c1/3 10_5~10_1
collision diffusion + 0.16R81/25C1/2)
mechanism Directional d d
(Seinfeld and | . ¢ . Ein = 4D—” w+(1+ 2Re1/2)(D—”)] 10°~1072
Pandis, interception n p

2006; Slinn, Inertial E. = [LW]% 6 10

1984) | impaction St— St + 2 10710
Collision Thermophoresis _ 4a(2 + 0.6Re*/2Pr'/3)(T — Ty) 104103

mechanisms (Bae et al., 2009) o U(D,)D,
0 0
Diffusiophoresis 462 + Re1/2.§cw1/3)(z%—S - #) 104102
E i = s ~
(Bae et al., 2009) d U(D,)D,
Electrostatic interaction 16KC,0q
(Andronache, 2004a; Wang | Ees = m 104~102
etal., 2010) Thall (Dp)Dy
CAMx N=42x 10_7E 107~10*
(Environ.Inc, 2013) ' D, (BWSC)
Wet
scavenging
coefficient L

Gel4 _ (WrbZag) 4102

(Ge etal., 2014) A= ( P 107~10

Notes: For wet scavenging coefficient of CAMX, E is the collision efficiency, P is the precipitation

rate, Dj, is the raindrop diameter. For wet scavenging coefficient of Gel4, AZq is the cloud thickness,

W is the mean total water content, py, is the density of water.
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Table S3. The basic information of atmospheric nitrogen wet deposition

observational sites

Longitude Latitude Country Longitude Latitude Country
116.46 39.92 China 114.82 30.38 China
117.20 39.13 China 112.19 31.02 China
114.48 38.03 China 112.23 30.30 China
118.02 39.63 China 114.28 29.87 China
119.57 39.95 China 113.00 28.21 China
114.47 36.60 China 113.16 27.83 China
115.48 38.85 China 112.91 27.87 China
114.87 40.82 China 113.09 29.37 China
117.93 40.97 China 111.69 29.05 China
116.83 38.33 China 110.48 29.13 China
116.70 39.53 China 112.33 28.60 China
115.72 37.72 China 113.00 25.79 China
112.53 37.87 China 111.63 26.40 China
113.3 40.12 China 109.95 27.52 China
113.57 37.85 China 111.96 27.71 China
113.08 36.18 China 113.23 23.16 China
112.42 39.32 China 113.62 24.84 China
112.72 37.68 China 114.07 22.62 China
110.97 35.03 China 113.52 22.30 China
111.65 40.82 China 116.69 23.39 China
110.00 40.58 China 113.11 23.05 China
118.87 42.28 China 110.38 21.20 China
122.28 43.63 China 110.88 21.68 China
119.73 49.22 China 112.44 23.05 China
113.08 41.03 China 114.40 23.09 China
123.38 41.80 China 111.95 21.85 China
121.62 38.92 China 113.75 23.04 China
122.85 41.12 China 113.38 22.52 China
123.97 41.97 China 116.63 23.68 China
124.37 40.13 China 116.35 23.55 China




121.15 41.13 China 112.02 22.93 China
122.18 40.65 China 110.28 25.29 China
121.65 42.00 China 111.34 23.51 China
123.17 41.28 China 109.12 21.49 China
122.05 41.19 China 108.61 21.96 China
123.85 42.32 China 110.14 22.64 China
120.83 40.77 China 106.62 2391 China
125.35 43.88 China 108.06 24.70 China
126.57 43.87 China 110.35 20.02 China
126.63 45.75 China 109.50 18.25 China
121.26 31.13 China 106.54 29.59 China
118.78 32.04 China 104.75 29.35 China
120.29 31.59 China 101.75 26.61 China
120.26 31.91 China 105.39 28.91 China
119.82 31.36 China 104.37 31.13 China
117.20 34.26 China 104.73 31.48 China
119.95 31.79 China 105.86 32.44 China
120.62 31.32 China 105.04 29.59 China
120.86 32.01 China 103.73 29.59 China
120.45 32.57 China 103.81 30.05 China
121.18 32.33 China 104.56 28.77 China
121.66 31.80 China 107.05 31.22 China
120.56 32.39 China 102.97 29.97 China
121.15 31.89 China 104.60 30.19 China
119.16 34.59 China 102.29 27.92 China
119.15 33.50 China 104.82 26.58 China
120.13 33.38 China 106.90 27.70 China
120.31 32.84 China 109.21 27.73 China
119.42 32.39 China 107.53 26.72 China
119.44 32.20 China 102.73 25.04 China
119.55 32.00 China 103.79 25.51 China
119.81 32.24 China 99.18 25.12 China
119.90 32.49 China 103.70 27.32 China
119.82 32.93 China 101.54 25.01 China




118.79 34.12 China 102.43 23.35 China
118.68 33.73 China 109.11 35.09 China
120.19 30.26 China 108.72 34.36 China
121.56 29.86 China 109.50 34.52 China
120.65 28.01 China 109.47 36.60 China
120.76 30.77 China 102.24 38.50 China
120.10 30.86 China 107.60 35.73 China
120.58 30.01 China 101.74 36.56 China
119.64 29.12 China 106.27 38.47 China
118.88 28.97 China 106.39 39.04 China
122.10 30.04 China 87.68 43.77 China
121.43 28.55 China 84.77 45.59 China
117.27 31.86 China 87.31 44.05 China
118.38 31.33 China 82.10 44.93 China
117.34 32.93 China 80.29 41.15 China
116.98 32.62 China 81.33 43.91 China
118.48 31.56 China 84.89 44.45 China
116.77 33.97 China 85.94 44.27 China
117.82 30.92 China 104.83 11.55 Cambodia
117.03 30.52 China 106.50 29.62 China
118.13 30.28 China 106.37 29.82 China
118.31 32.33 China 108.95 34.23 China
115.81 32.89 China 108.80 33.83 China
116.97 33.63 China 118.13 24.47 China
115.75 33.86 China 118.03 24.85 China
117.48 30.66 China 113.50 22.27 China
118.76 30.95 China 106.83 -6.18 Indonesia
119.30 26.08 China 106.57 -6.25 Indonesia
118.10 24.46 China 100.32 -0.20 Indonesia
117.61 26.23 China 107.58 -6.90 Indonesia
118.58 24.93 China 119.57 -4.92 Indonesia
118.16 26.65 China 141.21 45.12 Japan
117.01 25.12 China 140.35 41.25 Japan
119.52 26.65 China 138.40 38.25 Japan




115.89 28.68 China 137.80 36.70 Japan
117.22 29.30 China 136.69 35.57 Japan
113.85 27.60 China 133.19 36.29 Japan
115.97 29.71 China 131.80 34.68 Japan
114.92 27.81 China 132.93 33.38 Japan
117.02 28.23 China 128.25 26.87 Japan
114.92 25.85 China 142.22 27.09 Japan
114.97 27.12 China 139.76 35.69 Japan
114.38 27.81 China 101.65 3.10 Malaysia
117.00 36.65 China 101.38 4.47 Malaysia
118.05 36.78 China 117.85 4.98 Malaysia
117.57 34.86 China 110.47 1.48 Malaysia
118.49 37.46 China 96.12 16.50 Myanmar
121.39 37.52 China 121.07 14.63 Philippines
119.10 36.62 China 120.6 16.42 Philippines
116.59 35.38 China 126.28 37.70 Korea
117.13 36.18 China 126.16 33.30 Korea
122.10 37.50 China 127.18 35.60 Korea
119.46 35.42 China 101.00 51.67 Russia
117.67 36.19 China 104.90 51.85 Russia
118.35 35.05 China 104.25 52.23 Russia
116.29 37.45 China 132.12 43.70 Russia
118.03 37.36 China 100.53 13.77 Tailand
115.43 35.24 China 100.57 13.73 Tailand
113.65 34.76 China 100.77 14.03 Tailand
114.35 34.79 China 98.58 14.77 Tailand
112.44 34.70 China 98.93 18.77 Tailand
113.29 33.75 China 101.88 14.45 Tailand
113.21 35.24 China 105.85 21.02 Vietnam
112.57 35.08 China 105.33 20.82 Vietnam
114.31 30.52 China 105.72 20.25 Vietnam
115.09 30.20 China 108.21 16.04 Vietnam
110.79 32.65 China 105.69 10.08 Vietnam
111.30 30.70 China 106.70 10.78 Vietnam
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136 Table S4. The basic information of the sites for comparison of five major

137 atmospheric reactive nitrogen (Nr) species from NNDMN

Stations Longitude | Latitude
China Agricultural Unviversity 116.28 40.02
Zhengzhou 113.37 34.75
Dalian 121.58 38.92
Baiyun 113.27 23.16
Wenjiang 103.84 30.55
Shangzhuang 116.20 40.11
Yangqu 112.89 38.05
Zhumadian 114.05 33.02
Yangling 108.01 34.31
Yucheng 116.63 36.94
Gongzhuling 124.83 43.53
Lishu 124.17 43.36
Wuwei 102.60 38.07
Wuxue 115.79 30.01
Taojiang 111.97 28.61
Fengyang 117.56 32.88
Zhanjiang 110.33 21.26
Fuzhou 119.36 26.17
Fenghua 121.53 29.61
Ziyang 104.63 30.13
Jiangjin 106.18 29.06
Lingshadao 120.18 35.77
Changdao 120.75 37.93
Duolun 116.49 42.20
Feiyue 113.34 28.56
Huinong 113.41 28.52
Xishan 113.31 28.61

138
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Table S5. The validation results of high annually averaged concentration in

precipitation in Region I of the four wet deposition schemes

Metrics

Obs. TIN>3.0mgN L' (N=41)

CAMx Gel4 Gel4-CAMx Gel4-BWSC
MM 3.19 5.49 3.49 4.29
MO 4.47 4.47 4.47 4.47
R 0.40 0.35 0.39 0.37
NMB -29% 23% -22% -4%
NME 31% 36% 27% 23%
RMSE 1.70 2.18 1.53 1.51
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Figure S1. Variation of collection efficiency E(Dp,dp)waditional by Brownian diffusion, directional
interception, and inertial impaction (dotted line) and updated collection efficiency E(Dp,dp)new
adding the thermophoretic, diffusiophoretic and electrostatic mechanism (solid line). The setting
parameters are based on standard atmospheric pressure, a precipitation rate of 10 mm h!, an
empirical electrostatic parameter a of 2, an ambient temperature of 30°C, a raindrop-to-ambient

temperature difference of 3, and a relative humidity of 80%.
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150  Figure S2. (a) Raindrop size distribution of convective and mixed cloud precipitation during

151  2017.8~2018.7 and (b) comparison with previous studies.



152
153

5000

’ L]
!
4000 Ie*®
— !
~=3000f , °¢& °
c o 1 2
g g
5] ® e ‘.eo
— L o © 8e v
5 2000, -, .jﬁ.,!.,
— o "‘.’ ®e
n '.5
1000 (240 5% .
N’ - -
0 -

MO = 1008.9 A

MM = 1304.5
R=081
NMB = 29%
NME = 44%

0 1000 2000 3000 4000 5000

Observation (mm)

Figure S3. Validation of annual precipitation.




Range of (Sim. - Obs.) / Obs. and
I 0~+10% [+30~£40% [__]+60~+70% [ +90~£100% [___]Ge14-CAMx
I £10~£20% [C__]440~£50% [_1+70~:t80% HNEEM>$100% [ __]Ge14
(a) I +20~£30% [__]450~+60% []+80~£90% | Ge14-BWSC CAMx

TN T
0.8
|
| | )
1! |
02 | ||
' | 1680 IoEE A 16s 1
LI o_olal IR0 Ihg! i LIN

0-0.2 0.2-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-4.0 4.0-5.0 5.0-6.0 >6.0
Obs. TIN Concentration in precipitation (mgN L'1)

Fraction
[=] (=]
- [=2]

Range of (Sim. - Obs.) / Obs. and the schemes I
(b) B +0~+15% [ 1>#15% [ 1Ge14-BWSC [___1Ge14-CAMx [__1Ge14 CAMX

Hl |l|m| W

0-0.2 0.2-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-4.0 4.0-5.0 5.0-6.0 >6.0
154 Obs. TIN concentration in precipitation (mgN L'1)

(=]
(=]

Fraction

(=]
i
T

155 Figure S4. Comparison of performance of the four schemes across observed annual mean TIN

156  concentration in precipitation intervals.



‘_’\60
' (¢) [NH,
g [CINO,
< 4.3
= 443
a0
x
3
N
[
o
®
E 20
£ 13.2 12.9
:
-
e
{ -
<9
IR

W
"
=X

90°E  105°E  120°E  135°E 90°E  105°E 120°E  135°E

2
s

¥

| T
1.0 2.5 5.0 10.0 15.0 20.0 25.0 30.0 40.0 50.0
157 Annual emission flux (kgN-ha-1-a-1)

158  Figure S5. The annual emission fluxes of (a) NH3 and (b) NOy, and (c) the average emission flux

159  of them in Region I, IT and III.



(ww) uopeydivaid (ww) uopeydidaid

. - .
£ 2 2
= m =
H H H
£ € £
E E E
2 2 2
2, 2, 2,
c c c
c ] o
n o w
© © ©
o ] @
5@ 5 @ 5@
E E E
E E E
3 3 3
] @ ]
o o o
c - c
= T T
o Q. a
w » w
d‘, (%) aBejuasiag \n-;l (%) aBejuasiag r\.lll (%) aBejuasiag
S St St
(ww) uopepdisaig (ww) uoneydiaaig (ww) uogeydisaig
=3 o =3 =] =3 =] =3 =] =4 (=3 o L=3 o =3 =3 o o
=3 =3 o =] o o o =] =3 =3 o (=3 (=3 o =3 =3 o
@ © ~ @0 n - Ll o~ - = o ~ © wn i L ~ - o
Tt T T T T o ]
L -
s ] @ s
)
o <
€
[ g EE €
E E b B E
2 - | 2 Fr 2
3
2 " L) R 2 w
§ 5 g, §
] @ > 2 »
T 8 Ea:] 3
=0 " - _H_ =0
@ o @
E i E | E
E | £ " | €
5 5 ~ 0 5
@ (7] W £ @
-
o o 2§ o
£ | £ gz £
o Q. -3
[ @ o
i i i i i i i i i i i i i i i i i i |
w (=3 wn o w =] w o wn o w o wn =3 w o w =3 w o w o w o
P @ ~N & - - P ] a Y ~ - - —~ 5 ~N 131 - -
1+ _..n.E NBM) uonesuasuon e} ;.E NBr) uonenuasuon (&) An.E NBr) uenenuasuon
~— ~ ~—

(91L=N) 1 uoibay (LL=N) I1 uoibay (22=N) 11+1 uoibay

160

161

Comparison between the observation and the simulation of average of the four wet

Figure S6.

concentrations.

deposition schemes on atmospheric N,

162



‘® 29} 19.4

= 19.4

£ 17.6

I

g 15.7

15}

£ 13.5

©

£

= 10.3

O 1ot

N

Q

c

oS

0

QL 5t

£

Ll

[x¢}

I

= 0 X X X X
ﬁ\\* ‘LGLQ\ QQ-Q\ 'LQ\'“ ?pfﬂv\

AN AN M N

& s s

163 > Wwe 1}&“@0 \;\\m

164  Figure S7. Comparison of NH; emission of China in 2014 between the MIX inventory and other

165  studies (Fu et al., 2020; Liu et al., 2022; Ma, 2020; Zhang et al., 2017).
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Figure S8. The simulated annual (a) in-cloud and (b) below-cloud deposition of gas and aerosol in
Nox and Ny for the Gel4-BWSC, Gel4-CAMx and CAMx schemes. The gas is mainly HNO3 in
Nox and NH3 in Nyg. The in-cloud and below-cloud deposition is based on the simulated results at

the observational sites by the three schemes.
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