Table S1: Linear regression results for total measured anion and cation concentrations in precipitation at selected sites

Sampling period Site Site setting Slope Intercept R? Reference
2023 ABLES, Zhejiang, China Mountain 0.39 6.43 0.96 This study
20002001 Tirupati, India Urban 0.71 59.91 0.92 Chandra Mouli et al., 2005
2007 Dandong, China Urban 1.03 -20.16 0.94 Geetal, 2016
2007 Dalian, China Urban 0.95 1.98 0.92 Geetal., 2016
2014 Beijing, China Urban 0.75 3.47 0.95 Xu etal., 2017
2011-2016 Shanghai, China Urban 0.95 0.23 0.93 Meng et al., 2019
2017-2018 Beijing (Yanqing), China Rural 0.96 — 0.98 Xu et al., 2020
2005-2006 Nam Co, Tibetan Plateau Remote mountain 0.78 — 0.93 Lietal., 2007
2005-2009 Nam Co, Tibetan Plateau Remote mountain 0.37 — — Zhang et al., 2012
2009 Mangdang Mountain, China Mountain 0.38 — 0.92 Cheng et al., 2011
2009-2010 Southeastern Tibetan Plateau Mountain 0.97 5.59 0.95 Liu et al., 2013
2012-2013 Central Qilian Mountains, China Mountain 0.21 0.21 0.56 Lietal., 2015
2011-2012 Kathmandu, Nepal Urban 0.44 -9.26 0.74 Tripathee et al., 2014
2011-2012 Dhunche, Nepal Rural mountain 0.43 -1.29 0.83 Tripathee et al., 2014
2011-2012 Dimsa, Nepal Remote mountain 0.49 3.28 0.92 Tripathee et al., 2014
2011-2012 Gosainkunda, Nepal Remote mountain 0.48 3.10 0.89 Tripathee et al., 2014
Note: The fitted relationship is £A = slope x £C + intercept, where £A and XC are the total measured anion and cation equivalent concentrations, respectively. Intercepts are reported in peq L™'. “—” indicates that a value

was not reported.



Table S2: Summary statistics for major ions in precipitation at ABLES during the 2023 observation period (unit: peq L™).

Statistic F- CI- NOs™ SO+ NH4 Mg* K* Ca* Na*
VWM 4 10 6 14 23 4 9 22 11
Arithmetic mean 5 10 7 10 31 16 13
Median 5 8 5 7 20 2 11 10
Maximum 21 72 55 73 247 142 16 68 147
Minimum 0 0 0 0 0 0 1 1 0
SD

11 37 11 2 14 14




Table S3: Comparison of major ion concentrations in precipitation at ABLES and selected background, mountain, and urban sites (unit: peq L ™).

Site Type Period F- Cr NOs~ SO NH4 Mg* K* Ca* Na* I8 Reference

ABLES (SH) Mountain 2023 4 10 6 14 23 4 9 22 11 99 This study

Waliguan (WLG) Background 2018 43 21 24.6 52.9 37.1 19.7 5.8 175.4 28.3 364.8 Jia et al., 2019
Shangdianzi (SDZ) Background 2018 2.6 7.7 49.4 51.9 107.2 11.5 1.8 70.4 4.4 304.3 Jia et al., 2019
Lin'an (LN) Background 2018 1.6 7.8 33.7 30.4 37.1 5 1 50.9 33 169.2 Jia et al., 2019
Longfengshan (LFS) Background 2018 1.7 9.2 29.1 334 46.5 8 6.2 57.3 14.2 203.9 Jia et al., 2019

Jinsha (JS) Background 2018 32 21.1 47.1 68.6 35.7 16.1 15.4 134.5 18.3 356.8 Jia et al., 2019
Maolan forest Background 2007-2008 0.9 5.14 3.01 40.35 30.21 3.03 3.5 20.84 2.35 108.43  Hanetal, 2010
West Virginia, USA Mountain 2000-2014 — 4 29 13 16 1 1 4 3 71 Andronache, 2016
Nam Co Mountain 2005 — 0 0 2 1 0 0 5 1 9 Lietal., 2007
Nanping Mountain, Fujian Mountain 2009 1 6 27 37 38 5 5 26 5 149 Cheng et al., 2011
Tibetan Plateau Mountain 2009-2010 — 7 2 3 9 2 2 34 7 66 Liu etal., 2013
Jiuzhaigou Mountain 2011 21 37 13 71 13 21 41 150 38 384 Qiao et al., 2015
Kathmandu, Nepal Mountain 2011-2012 — 5 13 16 48 2 5 39 4 132 Tripathee et al., 2014
Dhunche, Nepal Mountain 2011-2013 — 5 11 10 27 2 3 25 4 87 Tripathee et al., 2014
Dimsa, Nepal Mountain 2011-2014 — 23 9 23 4 6 19 21 113 Tripathee et al., 2014
Gosainkunda, Nepal Mountain 20112015 — 15 4 7 20 4 3 10 11 74 Tripathee et al., 2014
Ganhaizi Basin Mountain 2012 1 2 4 28 13 2 6 38 4 97 Niu et al., 2014
Lijiang Mountain 2012 1 2 7 24 21 2 11 50 1 118 Niu et al., 2014

Mt Everest, Nepal Mountain 2013 — 2 2 1 5 0 0 4 1 15 Balestrini et al., 2016
Qilian Mountains Mountain 2013 — 20 47 18 — 9 34 132 23 >283 Lietal., 2015

Mt Areskutan, Sweden Mountain 2014 — 7 11 9 9 2 2 17 7 64 Vega etal., 2019

Mt Emei Mountain 2017-2019 1 6 18 26 43 3 2 15 3 116 Zhang et al., 2020
Southeast Tibet Station Mountain 2011-2012 — 2.5 2.2 2.1 49 0.9 1 20.8 3.8 38.2 Liu etal., 2015
Qomolangma Station (China) Mountain 2011-2012 — 27.1 0.8 32 254 1.7 4.5 53.4 26 142.1 Liu etal., 2015
Ngari Station Mountain 2013 — 11.9 4.8 11.6 20.5 4.8 1.8 50.9 12.4 118.7  Liuetal, 2015
Muztagh Ata Station Mountain 2011 — 8.9 9.9 17.4 42 11.3 3 119.4 10.1 222 Liu etal., 2015
Eastern Tien Shan alpine site Mountain 2003-2004 — 16.5 9.6 53 252 18.1 4 174.2 19 319.6 Zhao et al., 2008
Tirupati, India Urban 2000 5 34 41 128 20 34 56 151 33 497 Chandra Mouli et al., 2005
Chongging Urban 2003-2013 — 17 47 104 97 10 4 56 11 346 Liu etal., 2016
Sichuan Urban 2011-2016 10 20 60 201 75 12 25 139 24 556 Lietal., 2019
Beijing Urban 2014 5 15 91 162 240 18 5 65 10 606 Xuetal., 2017
Jiaozhou Urban 2015-2016 3 66 63 94 107 17 22 64 55 488 Xing et al., 2017
Shanghai Urban 2016 4 19 41 60 68 3 7 32 16 246 Meng et al., 2019
Beijing Urban 2017 — 123 70 77 90 74 24 130 69 657 Xu et al., 2020
Beijing Urban 2018 — 77 49 55 63 38 42 152 49 525 Xu et al., 2020
Beijing Urban 2021 4 22 72 55 192 6 25 41 17 430 Zeng et al., 2022
Guiyang Urban 2022-2023 8 9 27 50 58 10 6 71 8 239 Zeng et al., 2024a
Chengdu Urban 2008 6.2 8.9 156.2 212.8 150.5 16.2 6.6 196.6 1.4 749.2 Wang and Han, 2011
Xi'an Urban M‘;ro’f\gay 28.7 38.7 1288 4897  229.8 36.6 13.8 425.6 311 13941  Luetal,2011
Shenzhen Urban 2005-2009 1.72 20.6 21.9 64.7 335 3.26 1.75 35.4 11.2 192.31  Huanget al., 2010
Nanjing Urban 1992-2003 19.1 142.6 39.6 241.8 193.2 31.7 12.1 295.4 23 979.4 Tu et al., 2005
Hangzhou Urban 2006-2008 — 13.9 38.4 110 79.9 7.1 42 51.9 12.2 317.6 Xuetal., 2011

Note: X8 is the sum of CI-, NOs~, SO+*~, NH4", Mg?*, K*, Ca?", and Na*; F~ is excluded so that sites without reported F~ remain comparable. An em dash indicates that a value was not reported. For the Qilian Mountains,
NHa4" was not reported; therefore, £8 is shown as a lower bound (>283 peq L™).



Table S4: Arithmetic mean concentrations of each event’s final three sequential fractions for rainfall events R1-R12

Event SO NOs NH.* Na* Ccr F- K* Mg?* Ca?
(mgL™) (mg L) (mgL™) (mg L) (mg L) (mgL™) (mg L) (mgL™) (mg L)
R1 0.61 0.24 0.36 0.19 0.11 0.12 0.22 0.12 0.10
R2 0.53 0.18 0.17 0.33 0.04 0.08 0.36 0.04 0.44
R3 1.24 0.59 1.13 0.22 0.36 0.15 0.47 0.05 0.51
R4 1.00 0.38 0.83 0.27 0.34 0.24 0.42 0.05 0.55
R5 0.05 0.19 0.03 0.20 0.22 0.06 0.35 0.03 0.22
R6 0.12 0.21 0.07 0.21 0.30 0.06 0.37 0.04 0.46
R7 0.46 0.21 0.08 0.30 0.33 0.07 0.38 0.05 0.50
RS 0.60 0.27 0.33 0.23 0.40 0.10 0.39 0.05 0.45
R9 0.68 0.28 0.21 0.31 0.50 0.06 0.25 0.09 1.42
RI10 0.35 0.15 0.10 0.46 0.52 0.04 0.26 0.07 1.87
RI11 0.43 0.20 0.17 0.46 0.53 0.04 0.27 0.06 1.35
RI2 0.16 0.06 0.01 0.01 0.01 0.01 0.02 0.03 0.18

Note: Values are arithmetic mean concentrations calculated from each event's final three valid sequential rainwater fractions.



Table S5a: Rotated component loadings of the nine measured ions and source-related interpretation at ABLES.

Ton Rotated loading

PC1 PC2 PC3

F 0.244 0.177 0.051

Cl 0.184 0.854 0.318
NOs~ 0.867 0.234 0.334
SO+~ 0.719 0.246 0.476

NH4* 0.805 0.183 0.375

K* 0.869 0.421 0.113

Mg?* 0.667 0.448 0.499

Ca?* 0.337 0.268 0.878

Na* 0.541 0.781 0.139

Rotated variance explained (%) 40.2 21.9 18.2
Cumulative rotated variance (%) 40.2 62.1 80.3

Source type Anthropogenic source Sea salt source Crustal source

Note: Bold values indicate the dominant loadings used for component interpretation. The first three rotated components explained 80.2% of the total variance and were retained for source-related interpretation.



Table S5b

: Pearson correlation coefficients among major ions in precipitation at ABLES.

Ion F- NOs~ SO Cl NH.4* K* Ca* Na* Mg*
F- 1.000
NOs~ 0.475™ 1.000
SO+ 0.553™ 0.903" 1.000
Cl- 0.423™ 0.541™ 0.614™ 1.000
NH4* 0.565" 0.962™ 0.955™ 0.557" 1.000
K* 0.403™ 0.895™ 0.789" 0.560™ 0.818™ 1.000
Ca** 0.234 0.652™ 0.701™ 0.533™ 0.632™ 0.532™ 1.000
Na* 0.366™ 0.708™ 0.663" 0.771™ 0.642™ 0.813" 0.554™ 1.000
Mg 0.456™ 0.876™ 0.890" 0.719™ 0.858™ 0.863" 0.774™ 0.761™ 1.000

Note: Values are Pearson’s correlation coefficients calculated from 55 rainfall events. ** p < 0.01 (two-tailed). Blank cells in the upper triangle are omitted to avoid duplication.
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Figure S1: Variations in total ion concentration and collection time with cumulative rainfall during events R4, R8, and R10. Blue solid lines represent the total concentration of the nine measured
ions, and magenta dashed lines represent the collection time of each sequential rainwater fraction. Total ion concentration and collection time correspond to the left and right y-axes, respectively.
Because successive fractions represented approximately equal rainfall depths, a longer collection time generally indicates a lower average rainfall intensity during the corresponding fraction.
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Figure S2: Seventy-two-hour backward trajectories and corresponding height profiles for the 12 sequentially sampled rainfall events at ABLES. Trajectories arrived at ABLES at (a, b) 1200 m
a.s.l. and (¢, d) 1800 m a.s.l. Panels (a) and (c) show the trajectories superimposed on monthly total NO, emissions, whereas panels (b) and (d) show trajectory height as a function of backward time.
Blue, red, and gray lines represent marine-, anthropogenic-, and crustal-type events, respectively. The red star marks ABLES, the black circle indicates the 3° radius around the site, and black
triangles indicate the positions at which the trajectories crossed this circle. R1-R12 denote the individual rainfall events.
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