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Text S1. Stokes Diameter Conversion Aerodynamic Diameter.

SMPS used 8.82-310.6 nm data and APS used 0.523-19.81 pum data. For particle
density of 1.7 g em™ the particle diameter 310.6 nm corresponds to the acrodynamic
diameter D, = \/p,/po Dp = 405 nm, where po = 1 gem>, and p =1.7 gem™ is

constant over the whole size range (Shang et al., 2018).
Text S2. Offline chemical analysis of filter samples.

For WSII, one quarter of each filter was cut into small pieces and extracted with
10 mL ultrapure water (>18 MQ-cm) by ultrasonication for 30 min; the extraction was
repeated once, and the combined extracts were brought to 25 mL with ultrapure water.
The extract was filtered through a 0.45 pm membrane (GHP, model 4563, Pall Inc.,
USA) and stored at 4 °C prior to ion chromatography (881 Compact IC Pro, Metrohm,
Switzerland; and ICS-1500, Dionex Inc., USA). Cations (Na*, K*, NH4", Ca®", Mg*")
were measured with ion chromatograph (881 Compact IC Pro, Metrohm, Switzerland)
equipped with a Metrosep C4 column. The eluent was 1.75 mM HNO3 + 0.75 mM
dipicolinic acid. Anions (CI;, NOs", SO4*) were measured with an ion chromatograph
(ICS-1500, Dionex Inc., USA) equipped with an IonPac AS22 column. The eluent was
4.5 mM Na;COs3 + 1.4 mM NaHCOs. The method detection limits (MDLSs) were 0.05,
0.10, 0.19, 0.04, 0.01, 0.02, and 0.02mg-L™! for K*, NH4", Ca?*, Mg**, CI, NOs’, and
SO4%, respectively. Due to generally elevated Na* blanks associated with quartz-fiber
filters and glassware, Na" was excluded here.

One quarter of each quartz-fiber filter was used for elemental analysis. The filter
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portion was cut into small pieces and transferred to a digestion bottle. Concentrated
nitric acid (HNO3, 68%, 10 mL) was added, and the mixture was heated until digestion
was complete. After cooling, the digest was diluted to 20 mL with ultrapure water. The
resulting solutions were analyzed for Al, Ca, Mg, Fe, and Ti using inductively coupled
plasma—atomic emission spectrometry (ICP-AES; iCAP 7400, Thermo, USA). The
MDLs were 0.02, 0.19, 0.02, 0.07, and 0.00 mg-L! for Al, Ca, Mg, Fe, and Ti,
respectively.

A circular area of each filter sample using a 0.504 cm? punch was cut for the
analysis of OC and EC by thermal/optical carbon analyzer (DRI Model 2015, USA)
following the thermal/optical reflectance (TOR) method (Chow et al., 2007). Briefly, a
filter punch was progressively heated to evolve carbon fractions under stepwise
temperature programs. OC fractions were evolved in a pure He atmosphere at 120 °C
(OC1), 250 °C (0C2), 450 °C (OC3), and 550 °C (OC4). Subsequently, EC fractions
were evolved in an oxidizing atmosphere of 2% O; and 98% He at 550 °C (EC1),
700 °C (EC2), and 800 °C (EC3). Evolved carbon was oxidized to CO> and then
reduced to CH4 for detection using a flame ionization detector. Pyrolyzed organic
carbon (OPC) was monitored using the laser reflectance signal and was defined when
the reflected laser signal returned to its initial value after the introduction of O» into the
analysis atmosphere. OC was calculated as OC1 + OC2 + OC3 + OC4 + OPC, whereas
EC was calculated as EC1 + EC2 + EC3 — OPC. The MDLs were 0.18 and 0.04 pg-m >

for OC and EC, respectively.
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Table S1. Correlation Matrix of Aerosol Chemical Species

NH, K* Mg* Ca* ClIF SO# NOy OC EC Al Ca Fe Mg Ti
NH,~ 100 090 0.25 -0.07 050 095 099 083 078 0.08 0.07 034 023 0.20
K* 1.00 036 -0.07 052 085 089 084 082 003 -003 024 020 0.09
Mg* 1.00 076 074 024 023 035 033 030 031 0.03 034 0.08
Ca? 1.00 033 -0.05 -0.07 -0.06 -0.05 0.11 0.11 -0.15 0.11 -0.09
Cr 1.00 045 048 057 054 035 039 013 040 0.18
SO#% 100 095 076 072 009 008 027 019 021
NOs 1.00 082 077 007 006 034 023 0.19
oC 1.00 082 010 0.10 0.35 0.22 0.08
EC 1.00 0.00 -0.02 0.14 0.12 0.00
Al 1.00 088 0.07 091 0.11
Ca 1.00 0.15 086 0.20
Fe 1.00 0.11 0.60
Mg 1.00 0.07
Ti 1.00
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65  Figure S1. Geographic location of observation site and observation instruments. (a)
66  Geographical map, location of the field campaign. (b, ¢) Photographs during the field campaign.
67  (d) Airflow settings of the online instruments.
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69  Figure S2. (a, b, ¢) The time series of mass concentrations of absorption coefficients at 375,
70 405, 870 nm, mass absorption efficiency at 375, 405, 870 nm. (d). Wavelength dependence of

71  absorption coefficients and mass absorption efficiency.
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73 Figure S3. Daily variation of Temperature, Relative Humidity, Wind Speed.
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Figure S4. Daily variation of nitrogen dioxide (NO2). Hourly NO- mass concentrations were

obtained from the China National Environmental Monitoring Network for the Beijing urban

site.
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Figure SS. Scatter plots of the aerosol absorption coefficients between PAX and DRI. (a) 375

nm. (b) 532 nm. (c) 870nm.
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Figure S6. Correlation analysis among chemical composition (non-dust water-soluble ions (nd-

WSII), fine mineral dust (FMD), elemental carbon (EC), organic matter (OM)) fraction and

size parameter (fine-mode mean diameter from SMPS (Dswps), coarse-mode mean diameter

from APS (Daps).
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Figure S7. Comparison of aerosol absorption Angstrom exponent (AAE) predictions and

AERONET observations by different models.
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94  observations by different models.
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96  Figure S9. Comparison of aerosol radiative forcing efficiency (ARFE) predictions and

97  AERONET observations by different models.
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Figure S10. SHAP analysis with AOD fixed at its 25th percentile quantifies the relative
contributions of single scattering albedo (SSA), asymmetry parameter (g), surface albedo (SA)
and columnar AAE in driving aerosol radiative forcing efficiency (ARFE) variations at the top

of the atmosphere (a), bottom (b), and in the atmosphere (¢). The mean absolute SHAP values
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105  Figure S11. Same as Figure S10, except aerosol optical depth (AOD) is fixed at its 75th

106  percentile.
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Figure S12. Same as Figure S10, except aerosol optical depth (AOD) is fixed at its mean value.
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