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S1. Eliminating anthropogenic impact on CI" by XGBoost (eXtreme Gradient Boosting)

XGBoost, a promising tool in machine learning (ML), has recently been used in atmospheric research. The performance
of XGBoost surpasses that of traditional analysis methods for both nonlinear and linear questions. (Hou et al., 2022). The

introduction and Python package is available online (https://github.com/dmlc/xgboost). In this study, we used this method to

decouple the impacts of anthropogenic sources on Cl" in PM»s as much as possible. A total of 6 independent variables,
including levoglucosan (biomass burning marker), picene (coal combustion marker), meteorological parameters (wind speed,
temperature, RH, and solar radiation, representing marine activity) and one dependent variable, Cl', were fed to the model. All
these samples were randomly divided into two groups: a training set accounting for 70% and a testing set accounting for 30%
(R? = 0.41). Then, we replaced daily concentrations of levoglucosan and picene with their average concentrations in 2007-
2020 to eliminate changes in anthropogenic sources on Cl". As shown in Fig S10, it decreased slightly at a rate of —2% yr ',

indicating that the influence of marine emissions on PM; 5 had been almost unchanged.


https://github.com/dmlc/xgboost

Table S1. The variations in PM2.s main components, meteorological parameters, and other species from 2007 to 2020.

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
1. Gaseous pollutants (ug m=)
SO: 71.3+214 73.5+20.1 59.8+20.3 49.5+20.3 35.6+9.9 324+11.0 23.8+8.8 20.8+7.1 264+6.3 183+3.9 14.0+3.2 122+35
NO: 583+103 72.1+28.0 71.0+16.5 49.6+16.3 59.0+14.8 542+17.8 49.1+17.3 40.6 +19.9 54.8+£19.8 53.4+16.3 47.6 £19.7 447+ 13.5
(0 1] 753+314 63.2+173 51.6+25.0 69.1 £27.0 543+22.8 53.0+18.1 789 +37.0 59.9+31.2 72.0 +38.7 60.1 £27.7 105.1+21.9  74.5+375
I1. PM2.5 main components (ug m)
PM:2s 87.1+155 81.2+18.0 724+213 73.7+37.5 64.2+13.6 47.1+14.0 65.4+242 53.2+14.6 43.0+17.9 33.8+12.8 49.1 £18.2 36.0+9.6 40.2+11.2 340+11.3
oM 309+7.6 36.3+12.6 275+11.2 269+ 12.7 243 +8.7 156 +6.9 30.4+14.1 16.7+£6.1 10.6+5.1 9.5+4.1 147+49 13.2+4.8 13.7+3.6 14.6+4.3
POC 104+3.1 13.5+34 109+45 11.0+49 94+3.1 45+14 11.0+£3.6 82+4.6 44+19 44+1.7 43+2.1 50+2.1 43+1.8 44+1.1
SOC 7.7+£22 72+24 54+19 44+2.0 47+1.5 39+1.6 6.0+43 1.6 +0.5 1.6 0.7 1.1+04 4.7+£2.0 25+£09 40+1.2 39+1.7
EC 3.6+1.1 42+1.1 55+23 31+14 31+1.0 1.9+0.6 25+0.8 3.0+1.7 1.4+0.6 23+0.9 1.9+0.9 1.7+£0.7 14+£0.6 1.6 £0.4
SO4* 222+6.0 17.1+£55 17.0+59 16.3+£6.5 142+4.7 10.5+44 13.1+£9.1 9.7+32 10.1+4.6 8.0+2.7 8.1+34 6.1+2.0 64+1.9 6.6 +2.9
NOs 6.7+3.1 92+42 11.5+4.6 84+48 9.6 +4.0 58+54 9.6+84 3.6+23 56+52 46+3.8 55+3.8 53+29 3.1+£22 63+34
NH4* 6.6+1.7 49+24 7.1+£23 69+38 6.6+23 48+2.1 6.6+44 37+14 45+2.4 34+1.7 40+1.7 3.1+£1.3 3.0+£0.9 34+14
Cr 1.01 £0.54 1.61+1.27 1.80+1.03 149+1.16 1.46+0.93 1.21+0.74 144+1.12 0.38+0.33 0.55+0.37 0.52+0.34 0.75 +0.66 0.75+0.72 0.36 +0.36 0.39+0.15
Na* 0.97 £ 0.66 0.93+0.61 0.89+0.18 0.60 +0.29 0.56 £0.16 0.40+0.14 0.56 +0.26 0.36 +£0.10 0.27+0.08 0.25+0.14 0.34+0.14 0.52+0.34 0.27+0.14 0.48 +0.20
K* 1.49+0.57 2.23+0.01 0.97 £ 0.41 1.20+0.61 1.14+£0.46 0.69 +0.32 1.13+0.81 0.60+0.21 0.49+0.25 0.30+0.13 0.59+0.24 0.35+0.15 0.46+0.15 0.48 +0.22
Mg2+ 0.15+0.05 0.11+0.05 0.23+0.09 0.04 +0.04 0.08 +0.02 0.07 +0.03 0.10+0.05 0.07 +£0.02 0.05+0.01 0.04+0.01 0.04 +0.02 0.05+0.02 0.05+0.02 0.21+0.12
Ca?t 1.30 +£0.57 146 +0.72 027+0.17 0.33+0.14 0.53+0.12 0.47+0.35 0.85+0.49 0.64+0.16 0.27+0.21 0.26 +0.13 0.52+0.22 045+0.15 0.27+0.14 0.10+0.03
I11. Meteorological parameters
Temperature (°C) 222421 17.2+£2.9 17.0£3.1 19.7+£3.2 19.9+£3.8 22.1+14 209=+1.1 20.2+4.4 25.1+£2.4 23.8+3.8 213+3.2 224+29 21.7+2.7 20.2+5.1
RH (%) 57+11 47+ 12 67+13 64+ 11 57+11 617 50+13 57+ 14 63£8 677 56+ 13 63+ 12 48+ 11 55+13
SSR (W m'z) 161.3+41.3 156.5£28.3 1352+36.3 141.8+51.4 134.7+369 101.2+404 1252+46.2 95.3+49.1 149.0+36.2 1224+44.0 1289+53.1 1222+399 1650£294 1455+319
Wind speed (m s 1.3+£0.2 1.3+04 1.7+0.5 1.7+0.7 1.8+0.9 1.2+0.6 1.3+0.3 1.9+0.6 1.5+0.3 1.6+0.4 1.7+0.4 1.6+0.5 1.6+0.3 1.7+0.4
IV. Other species
ALWC (ng m'3) 20.6 +£10.0 11.3+£7.9 288+114 22.0+10.8 19.3£99 13.5+£5.6 120£7.5 10.8+£5.4 125+6.2 12.0+£7.3 9.9+6.5 11.0+6.7 5.1+£2.5 9.5+£3.9
pH 1.51+1.07 2.60+0.71 1.94+0.29 1.97 +£1.00 2.54+0.37 2.55+0.43 2.69 +0.42 2.29+0.33 2.13+0.33 2.05+0.46 2.60 +0.45 2.66+0.37 2.31+0.63 2.86 +0.49




Table S2. Sensitivity analysis of long-term trends with and without the year 2020.

Slope (with 2020) Slope (without 2020) Uncertainty

PM:s -4.0 ** -4.2 ** 4%

OM -1.70 ** -1.91 ** 12%

EC -0.23 ** -0.25 ** 9%
SO4* -1.13 ** -1.21 ** 7%
NOs -0.40 ** -0.47 ** 18%
NH4* -0.31 ** -0.33 ** 6%

Cr -0.10 ** -0.10 ** 1%

Na* -0.05 ** -0.06 ** 20%

K* -0.10 ** -0.12 ** 16%
Mg** -0.01 *

Ca* -0.06 * -0.06 * 3%

15 One asterisk, two asterisks denote p value < 0.05, 0.01, respectively. Blank cells denote p value > 0.05. The uncertainty was calculated as:
Uncertainty = lsmpe‘ﬁ;‘;’;pﬁ:ﬁj‘”“""“".
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Figure S1. Annual variations of measured components in blank filter samples.
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Figure S2. Variations of K values for EC and SO, calculated by Bayesian Inference approach.
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Figure S3. Observations and ISORROPIA-II simulation of gas-phase NH3 in GIG.

10

12




30

-@-Sim(0 -@-Siml -@-Sim4 O Sim80

1 6 11 16 21 26 31 36 41 46 51
Number of samples

80

r=0.94,p <0.01 r=0.99, p <0.01 @
70

(ng m3)
L 3

Y
=}

H_Simd4
@

PH_
(8]
@
ALWC_Sim4
&

[
<

0 1 2 3 4 5 0 10 20 30 40 50 60 70 80
pH_Sim0 ALWC_Sim0 (ug m3)

Figure S4. Comparison of predicted pH, ALWC with and without gas-phase input in GIG. (a) Sim0 represents results with gas-
phase input, Sim1, Sim4, Sim80 represent results without gas-phase input and performed one, four, and eighty iterations respectively.
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Figure S8. Concentrations of PMz.s primary species during 2007-2020.
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Figure S9. Concentrations of PM2.s secondary species during 2007-2020.
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