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Introduction

Figure S1 is monthly averaged surface sulfate concentrations in 2015. Figure S2 is vertical
profiles of sulfate concentrations over different regions. Figure S3 is the differences in annual
averaged sulfate radiative forcing between different cases in 2015. Figures S4 and S5 are the
differences in annual global-mean sulfate radiative forcing distribution between the sensitivity
tests and the Improved case in 2015. Table S1 is the description of all model simulations.



26
27
28
29
30
31
32

33

16 - —e— Obs_mean

e Orf 209 —e—0bs_mean
(a) —=— Imp-WDSO,x1 (b) — @& Ori
144 —— Imp-WDSO0,x5 184 —=— ::zwgzgi;
—v— Imp-WDSO,x10 164 +‘ NSO A0
124 Imp-WDSO,x15 (?E |mp-WD504x15
—<— Imp-WDS0,x20 s

o 149 ——Imp-WDSO,x20
Obs_SD

Obs_SD

SO, concentration (ug m™®)

Figure S1. Monthly averaged surface sulfate concentrations (ug-m=) in (a) Japan and South
Korea and (b) other Asia countries in 2015. The black solid lines and red dashed lines represent
the observed and Original simulated concentrations, respectively. Other lines represent
improved sulfate concentrations with different levels of sulfate wet deposition fluxes. The
multiples of sulfate wet deposition from top to bottom are 1, 5, 10, 15 and 20 (i.e.,, the
Improved case). The gray areas represent the standard deviation of the observed
concentrations. The corresponding monitoring network is EANET.
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Figure S2. Vertical profiles of sulfate concentrations (ug-m) over different regions. The black solid lines represent
the averaged observed concentrations at different altitudes. The red dashed lines represent the Original simulated
concentrations in the same day of 2015. Other lines represent improved sulfate concentrations with different levels
of sulfate wet deposition fluxes. The multiples of sulfate wet deposition from top to bottom are 1, 5, 10, 15 and 20
(i.e., the Improved case). The gray areas represent the standard deviation of observed concentrations. The black
dots represent every single observational data. The corresponding aircraft measurement campaigns are (a-c) ATom
on 29 July 2016, 1 August 2016 and 6 August 2016, (d-f) WINTER on 1 March 2015, 7 March 2015 and 12 March 2015
and (g-i) KORUS-AQ on 1 May 2016, 21 May 2016 and 4 June 2016.



90°N

45°N

0°

45°5

44

90°N 90°N

45°N 45°N

0° 0°
45°8 45°8
90°S 90°S
90°N 90°N
45N 4 st = Sl ] 45N
o e . s ¥R el
4505 = SN ) i 45°s |
90°S T T T 90°S T T T
90°N 90°N
45°N 45°N
0 4 - o 0°
45°S 45°8
90°8 . : : 90°S
47 180° 90°W 0° 90°E 180° 180° 90°W 0° 90°E 180°
-~ T e—
48 -0 -5 -1 -05 -01 01 05 1 5 10

49  Figure S3. (a) The differences in annual averaged sulfate radiative forcing (unit: W- m?)
50  between the Improved case and the Original case in 2015 after the incorporation of detailed
51  in-cloud aqueous-phase chemical mechanisms and multiplication of the wet deposition flux of
52 sulfate. (b) and (d) are the radiative forcing of Original simulated and Improved simulated
53  sulfate from 1850 to 2015. (c) and (e) are the radiative forcing of Original simulated and
54 Improved simulated sulfate from all anthropogenic emissions in 2015. (f) The differences in
55  sulfate radiative forcing between (b) and (d). (g) The differences in sulfate radiative forcing
56  between (c) and (e). The values in the corner are annual global-mean radiative forcing (unit:
57  W-m?).
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Figure S4. The differences in annual global-mean sulfate radiative forcing distribution (unit:
W- m™) between the sensitivity tests and the Improved case in 2015. The horizontal direction is
the sensitivity test for decreasing the sulfate concentration at low altitudes (below 2.0 km).
The decrease factors from left to right are 1.0, 0.8, 0.5, 0.2, and 0.1, indicating that the sulfate
concentrations below 2.0 km are 100%, 80%, 50%, 20% and 10% of the Improved case,
respectively. The vertical direction is the sensitivity test for increasing the sulfate
concentration at high altitudes (above 2.0 km). The increase factors from top to bottom are
1.0,1.5,2.0,5.0,and 10.
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Figure S5. The differences in annual global-mean sulfate radiative forcing distribution (unit:
W- m2) between the sensitivity tests and the Improved case in 2015. The vertical direction is
the sensitivity test for changing the altitude of the turning point (TP, the altitude above which
the model tends to underestimate sulfate concentrations and below which the model tends to
overestimate sulfate concentrations). The altitudes of the TP are set from bottom to top as 1.2,
1.5, 2.0, 2.7, and 3.6 km. The decreasing factors for sulfate concentration at low altitudes are
1.0 and 0.5, and the increasing factor for sulfate concentration at high altitudes is 10.
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Table S1. Description of all model simulations.

No. Case name Location in the paper ~ Description
The present-day Original case without any
1 CESM-Ori Sections 3.1, 3.2, 3.3
modification to the model.
The wet deposition of sulfate x1, 5, 10, 15 and
) 20 (i.e., the present-day Improved case) with
2~6 CESM-Imp-WDSO4 Sections 3.1, 3.2, 3.3 ) ) o
the incorporation of detailed in-cloud aqueous-
phase chemical mechanisms, respectively.
The preindustrial (1849-1850) Original case
7 CESM-Ori-1850 o
(only replaced the SO, emissions).
8 CESM-Imp-1850 The preindustrial Improved case.
The present-day Original case without any
9 CESM-Ori-anthro )
anthropogenic sources of sulfate.
The present-day Improved case without any
10 CESM-Imp-anthro )
anthropogenic sources of sulfate.
11 PORT-Ori Sections 4.1, 4.2 The calculation of radiative forcing for case 1.
12 PORT-Imp Sections 4.1, 4.2, 5 The calculation of radiative forcing for case 6.
13 PORT-Ori-1850 Section 4.2 The calculation of radiative forcing for case 7.
14 PORT-Imp-1850 Section 4.2 The calculation of radiative forcing for case 8.
15 PORT-Ori-anthro Section 4.2 The calculation of radiative forcing for case 9.
16 PORT-Imp-anthro Section 4.2 The calculation of radiative forcing for case 10.
The calculation of radiative forcing when
17~20 PORT-high Section 5 increasing the sulfate concentration (x1.5, 2.0,
5.0 and 10) at high altitudes.
The calculation of radiative forcing when
21~24 PORT-low Section 5 decreasing the sulfate concentration (x0.8, 0.5,
0.2 and 0.1) at low altitudes.
The calculation of radiative forcing when
increasing the sulfate concentration at high
altitudes and decreasing the concentration at
25~40 PORT-highxlow Section 5 low altitudes simultaneously, including 1.5%0.8,
1.5x0.5, 1.5x0.2, 1.5x0.1, 2.0x0.8, 2.0x0.5,
2.0x0.2, 2.0x0.1, 5.0x0.8, 5.0x0.5, 5.0%0.2,
5.0x0.1, 10x0.8, 10x0.5, 10x0.2 and 10x0.1.
) ) The calculation of radiative forcing when
41~48 PORT-height Section 5

changing the turning point.




