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Fig. S1. Fraction of total Fe contributed by kaolinite and feldspar in fine dust (DST1).
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Fig. S2. Locations of Cl, observations.
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Fig. S3. Spatial distributions of annual mean aerosol Fe concentrations contributed by (a) dust, (b) biomass

burning, and (c) other anthropogenic sources.
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Fig. S4. Geographical definitions of the five representative regions for Cl, analysis.
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Fig. S5. Seasonal differences in surface Cl, mixing ratios between the “VarFeS” and “Base” scenarios (MAM,

JJA, SON, DJF refer to spring, summer, autumn and winter, respectively).
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Fig. S6. Global distribution of annual mean surface total soluble Fe concentrations.
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Fig. S7. Source-specific spatial distributions of annual mean Cl, production rate attributable to (a) dust Fe, (b)

biomass-burning Fe, and (c) other anthropogenic Fe.
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Fig. S8. Spatial distributions of annual mean total Cl, production rate under different simulation scenarios.
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Fig. S9. Comparison of absolute changes (left: VarFeS-Base) and relative changes (right: (VarFeS-Base)/Base)

in annual mean surface concentrations of CIONO:.
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Fig. S10. Differences in annual mean surface concentrations of ammonium, sulfate, and nitrate between the

“VarFeS” and “Base” scenarios.
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Fig. S12. Absolute changes (VarFeS-Base) of annual mean surface concentration of HMS.



Table S1. Summary of the concentration of total Fe (ng m™) and Fe solubility (%) in acrosols supplied in this

study. Dashes (-) means data are not available.

Latitude Longitude Fe (ng m) Fe solubility (%) Reference
28.31°N 16.50°W 3300 0.69 Rodriguez et al. (2021)
13.17°N 59.43°W 1700 1 Rodriguez et al. (2021)
25.73°N 80.16°W 800 4.71 Rodriguez et al. (2021)
40.03°N 116.33°E 1490 5 Zhu et al. (2020)
36.57°N 114.47°E 1310 4.5 Zhu et al. (2020)
34.57°N 113.66°E 1132 2.7 Zhu et al. (2020)
30.52°N 120.08°E 869 3 Zhu et al. (2020)
30.23°N 120.17°E 345 42 Liu et al. (2021)
30.23°N 120.17°E 75 7.8 Liu et al. (2021)
30.23°N 120.17°E 343 1.4 Liu et al. (2021)
30.27°N 120.20°E 929.7 6.7 Zhu et al. (2022)
30.27°N 120.20°E 777.6 4.8 Zhu et al. (2022)
30.27°N 120.20°E 2945.9 2.1 Zhu et al. (2022)
30.27°N 120.20°E 639.6 1.9 Zhu et al. (2022)
30.27°N 120.20°E 652.5 0.9 Zhu et al. (2022)
34.37°N 108.97°E 3717 0.48 Zhang et al. (2023)
34.37°N 108.97°E 721 1.46 Zhang et al. (2023)
34.37°N 108.97°E 958 1.8 Zhang et al. (2023)
34.23°N 108.89°E 2058 1.43 Zhang et al. (2023)
34.37°N 108.97°E 1504 0.54 Zhang et al. (2023)
34.37°N 108.97°E 950 0.78 Zhang et al. (2023)
34.37°N 108.97°E 1638 0.79 Zhang et al. (2023)
34.23°N 108.89°E 1831 1.03 Zhang et al. (2023)
34.37°N 108.97°E - 32 Yang et al. (2024)
34.37°N 108.97°E - 53 Yang et al. (2024)
34.37°N 108.97°E - 5.1 Yang et al. (2024)
34.37°N 108.97°E - 35 Yang et al. (2024)
39.11°N 117.17°E 11610 7.29 Shuai et al. (2025)
39.11°N 117.17°E 30708 6.71 Shuai et al. (2025)
37.88°N 112.49°E 2730 - Jietal. (2024)
39.97°N 116.37°E 2030 - Jietal. (2024)
39.08°N 117.21°E 1342 - Jietal. (2024)
36.67°N 117.03°E 1785 - Jietal. (2024)
23.12°N 113.35°E 394 13.5 Zhang et al. (2024)
36.05°N 120.33°E 1207.75 4.45 Sun et al. (2024)
36.05°N 120.33°E 6626.275 1.375 Sun et al. (2024)
36.05°N 120.33°E 237.95 7.5 Lietal. (2024)




Latitude Longitude Fe (ng m) Fe solubility (%) Reference

36.05°N 120.33°E 729.3 475 Li et al. (2024)
36.34°N 120.67°E 801 1.29 Zhang et al. (2021)
36.34°N 120.67°E 798 0.8 Zhang et al. (2021)
36.10°N 120.55°E 3880 2.7 Shi et al. (2020)
36.33°N 120.65°E 2441 0.78 Chen et al. (2024b)
36.33°N 120.65°E 297 3.23 Chen et al. (2024b)
36.33°N 120.65°E 581 0.74 Chen et al. (2024b)
36.33°N 120.65°E 1525 0.56 Chen et al. (2024b)
36.33°N 120.65°E 1454 0.42 Chen et al. (2024b)
36.33°N 120.65°E 347 3.25 Chen et al. (2024b)
36.33°N 120.65°E 523 0.75 Chen et al. (2024b)
36.33°N 120.65°E 934 0.5 Chen et al. (2024b)
22.34°N 114.17°E 24.7 7.84 Yang et al. (2023)
22.34°N 114.17°E 15.1 6.05 Yang et al. (2023)
22.34°N 114.17°E 22.1 17.96 Yang et al. (2023)
22.34°N 114.17°E 29.2 10.16 Yang et al. (2023)
22.34°N 114.17°E 51.9 1.45 Yang et al. (2023)
22.34°N 114.17°E 27.4 0.09 Yang et al. (2023)
22.34°N 114.17°E 478 2.68 Yang et al. (2023)
22.34°N 114.17°E 80.7 0.15 Yang et al. (2023)
22.09°S 14.26°E 364 7.1 Desboeufs et al. (2024)
28.50°N 77.30°E 1133.03 9.96 Ingall et al. (2018)
32.24°N 64.87°W 92.782 455 Ingall et al. (2018)
35.32°N 25.67°E 805.58 13.12 Ingall et al. (2018)
39.71°N 69.86°W 25.7 32 Ingall et al. (2018)
39.70°N 69.79°W 80.2 2.7 Ingall et al. (2018)
38.33°N 68.87°W 383 23 Ingall et al. (2018)
31.75°N 64.17°W 1.7 35 Ingall et al. (2018)
29.70°N 56.82°W 0.9 17.6 Ingall et al. (2018)
25.55°N 43.54°W 13.6 2.4 Ingall et al. (2018)
22.37°N 35.62°W 623.5 0.4 Ingall et al. (2018)
20.88°N 32.62°W 1580 0.3 Ingall et al. (2018)
19.43°N 29.38°W 2529.8 0.4 Ingall et al. (2018)
56.00°S 97.00°E 10 27 Ingall et al. (2018)
69.00°S 77.00°E 38 0.8 Ingall et al. (2018)
44.00°S 96.00°E 30 1.5 Ingall et al. (2018)
22.30°N 87.30°E 430.913 14.7 Srinivas et al. (2014)
37.45°N 137.36°E 53 14.3 Sakata et al. (2025)
37.45°N 137.36°E 113 8.3 Sakata et al. (2025)




Latitude Longitude Fe (ng m) Fe solubility (%) Reference

36.06°N 140.14°E 566.67 9.2 Takahashi et al. (2013)
33.78°N 84.42°W 156.3 7.9 Yang and Weber (2022)
21.69°N 122.88°E 124.6 15.13 Wang et al. (2025)
18.38°N 132.10°E 95 15.07 Wang et al. (2025)
14.33°N 145.47°E 36.2 12.94 Wang et al. (2025)
0.35°S 77.43°E 189.856 0.99 Panda et al. (2024)
0.90°N 74.70°E 480.31 0.09 Panda et al. (2024)




Table S2. Summary of observed surface Cl, concentrations and corresponding normalized values used for model validation

Region City Observa.tlonal Latitude  Longitude Peak Cl»  Average concentration of Clz Normalization value Notes Reference
duration (pptv) (pptv) (pptv)
China Xiamen 2023.1.18-2.4  24.61°N  118.06°E 540 37.3(median) 373 Median used as a proxy Chen et al. (2025)
for average
. o o o Nighttime average divided .
China Wangdu 2014.6.11-7.8 38.67°N 115.20°E 450 30-50(nighttime) 20 by 2 Liuetal. (2017)
. o o 48+51(daytime) Mean of daytime and
China Wangdu 2017.12.9-31 38.67°N 115.20°E 295 28+35(nighttime) 38 nighttime values Chen et al. (2024a)
. .. o o 13+£9(10-15:00) Mean of the provided .
China Nanjing 2018.4.11-26 32.12°N 118.95°E 100 33£20(0-5:00) 23 values Xia et al. (2020)
China Shanghai 201?'212'28_ 31.17°N 121.43°E 1100 24439 24 - Li et al. (2023)
China Changzhou  2019.5.26-6.14  31.63°N 119.89°E 520 26+36 26 - Li et al. (2023)
. 2021.10.1- o o s Nighttime average divided
China Beijing 2022.9 30 39.94°N 116.30°E 242 35(nighttime) 17.5 by 2 Ma et al. (2023)
China Changping  2016.5.13-6.23  40.22°N 116.23°E 4.2 0.65+0.5 0.65 - Le Breton et al. (2018)
China Changchun ~ 2024.2.20-3.3  43.99°N 125.40°E 146 12£15 12 - Li et al. (2025)
USA Alaska 2009.3.12-4.14  71.32°N 156.65°W 400 20(6-8:00) 5 Early morning average Liao et al. (2014)
divided by 4
USA Alaska 20163.4-420  7128°N  156.64°W 154 10.2+0.4(polluted period) 5.75 Mean of the provided Mcnamara et al. (2019)
2.3+0.1(nonpolluted period) values
USA LA 2010.5.14-6.8  33.68°N  118.35°W 200 1015(nighttime) 5 Nighttime ?;gage divided Riedel et al. (2012)
USA Trvine 2005.8-11  33.67°N  117.82°W 20 3.53.5 35 - Finley ?;go%)‘“man
P, o o Finley and Saltzman
USA California 2006.1.2-1.29  32.87°N  117.26°W 28 2.3%1 23 - (2008)
2014.10.29- o o 2.3(daytime) Mean of daytime and .
Europe UK 111 53.47°N 2.23°W 16.6 0.4(nighttime) 1.4 nighttime values Priestley et al. (2018)
Africa Cape Verde 2007.5.20-6.9 16.85°N 24.87°W 30 4 4 - Lawler et al. (2009)
USA Texas 2013.9.1-10.1  30.35°N 95.43°W 4.8 1.6 1.6 - Faxon et al. (2015)
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Text S1 Other potential uncertainties.

The treatment of the Fe(Il) reoxidation rate constant k; also introduces uncertainty into the current IMC
parameterization. In this study, k; is prescribed following van Herpen et al. (2023), where the value is constrained
using a typical aerosol H,O, concentration of 50 umol L™ (Zhu et al., 1993). This simplified treatment does not explicitly
account for the spatial and temporal variability of H>O, simulated in GEOS-Chem, which may influence the Fe(II)/Fe(I1I)
cycling rate and thus the efficiency of IMC-driven Cl, production. In addition, since the present model does not explicitly
resolve the dynamic photochemical cycling of oxalate, the coupled effects of H>O,, organic ligands, and Fe redox cycling
remain simplified. Future development could improve this mechanism by making k; dependent on modelled H,O,
concentrations and by coupling it with an explicit oxalate module to better represent the chemical controls on iron-
mediated chlorine activation.

Additional uncertainties may also arise from the reduced vertical-grid configuration used in this study. This
configuration reduces vertical resolution primarily in the stratosphere and mesosphere, which could introduce
uncertainties in stratospheric chemical and transport processes. Since this study focuses mainly on near-surface
responses and relative differences between simulations using the same vertical-grid configuration, these uncertainties
are expected to have a limited influence on the main conclusions. Future studies specifically targeting stratospheric
responses could adopt the full 72-layer configuration or additional sensitivity simulations to further assess the influence
of vertical resolution.

Text S2 Evaluation of surface O3 concentrations.

To further assess whether the inclusion of the IMC mechanism affects the model representation of surface ozone, we
compared simulated annual mean surface O3 concentrations with in-situ observations from publicly available air-quality
monitoring datasets, including OpenAQ (https://openaq.org), the China National Environmental Monitoring Centre
(http://www.cnemc.cn), the U.S. Environmental Protection Agency (https://www.epa.gov), and the European
Environment Agency (https://www.eea.europa.eu/en). As shown in Fig. S13, the inclusion of the IMC mechanism
improves the model-observation agreement for surface Os. Specifically, the correlation coefficient increases from 0.64
in the Base simulation to 0.65 and 0.72 in the FixFeS and VarFeS simulations, respectively. Meanwhile, the RMSE
decreases from 15.44 pg m > to 14.92 and 13.62 pug m >, and the mean bias decreases from 6.68 pg m ™ to 6.04 and 5.26
ng m >, respectively. These results suggest that the inclusion of the IMC mechanism improves model performance of

simulated O3 concentrations, with the most pronounced improvement in the VarFeS scenario.

150 (a) Base (b) FixFeS (c) VarFeS
R=0.64 ) R=0.65 ) R=0.72

™ 120 RMSE=1544 g m® $ ? | RMSE=1492pgm” $: | RMSE=13.62pgm" -~
'g MB =668 pgm MB=604pgm 8 : MB =526 pgm
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Fig. S13. Comparison of observed and simulated annual mean surface O3 concentrations for the (a) Base, (b) FixFeS,
and (c) VarFeS scenarios. The dashed line denotes the 1:1 line. R, RMSE, and MB represent the correlation coefficient,
root mean square error, and mean bias, respectively.
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