Supplementary information

Table S1. Descriptive statistics of the aerosol optical properties for all the valid data of the PM o acrosol particles.

Wavelength )
PMuo aerosol particles
(nm)
Extensive variables 25%ile Mean Median 75%ile Std. dev.
-1
oabs (MM 50 | 072087 | 182105 | 126143 | 221233 | 187182
Osca (MM 550 5.486:43 | 13.753412 | 9.4510.02 | 16.9746-97 | 13.0242.08
PM mass
(ugm™) 2.58586 | 5.7841% | 4.12666 | 6.568+79 9.812:54
Intensive AAE
] . ] 370-950
variables | (dimensionless) 1.041.06 | 1.13143 1.14443 1.231.21 0.15012
SAE
) ] 450-700
(dimensionless) 158157 | 1.8181 1.871.88 21321 0.450:41
SSA
) ) 550
(dimensionless) 0.830-84 | 0.860:87 0.870-88 0.90.91 0.060:05
MAC (m?g™) 520 0.210:22 | 0.390.39 | 0.330-33 0.520.52 0.760-76
MSC (m?g™Y) 550 1.863.94 | 2.67275 | 2.562.61 3.43.62 6.297-29




Table S2. Descriptive statistics of the acrosol optical properties for all the valid data of the PM; aerosol particles.

Wavelength ]
PMz aerosol particles
(nm)
Extensive variables 25%ile Mean Median 75%ile Std. dev.
-1
oabs (MM 20 | 064078 | 166177 | 11413 | 202212 | 173078
Osca (Mm™) 550 3.474.03 | 10.4510-76 | 6.847-35 | 13.3513:32 | 10.7110.-22
PM mass
(ugm™) 1.443.53 3.5824 247403 | 4.197.64 8.574-4
Intensive AAE
) ) ) 370-950
variables | (dimensionless) 1.0911 118448 | 1.191419 | 1.291.28 0.160-14
SAE
) ) 450-700
(dimensionless) 218225 | 2.37243 | 242246 | 2.62264 0.340-29
SSA
) ) 550
(dimensionless) 0.790:8 0.830-84 | 0.840.84 | 0.880-89 0.070.06
MAC (m?g™) 520 0.34035 | 0.670:66 | 0.52053 | 0.77077 6.836:54
MSC (m?g™Y) 550 241247 | 3.63385 | 3.093.28 3.941 33.8241.91




Table S3. Long-term trends and statistical significance of PM o aerosol optical and mass properties.

S.No. | Variable Slope Relative trend p-value Statistical
significance
(a) Osca, 550 (Mm'™) -0.30-0-19 + 0.180-22 Mmtyr? | -3.36-1.76 +[769 x 10 | YesNe
2.062.05 %yr? 3010
(b) Gabs, 520 (Mm™?) -0.11-0-11 + 0.030:03 Mmyr! | -8.75-8:18 + | 479164 x 10" | Yes¥es
2.111.94 %yr? 310
(c) SAE (dimensionless) -4.18-524 x 10° + 1.39244 x | -0.23-0——29  + | 0-460.66 NoNe
102yrt 0.75077 %yr?
(d) AAE (dimensionless) -6.12 x 10%143—%102 + | -6.12 x 104101 + | 0.929.28 10" | No¥Yes
5.525:03 x 10103 yrt 5.52 x 10°0:45 %yr? | ©
(e) PM mass (ugm) -0.14-0:19 + 0.030:09 pgm3yr?! | -3.54-4.685 + | 9.633.56 x 10" | Yes
0.842:24 %yr? 410
(f) SSAsso (dimensionless) 5.266-60 x 10102+ 2,052.07 X | 0.600-75 + 0.230-24 | 0.102:16-x10" | No¥es
10°10° yrt %oyr! 8
@) MSCsso (M?g™) 3.70 x 10°0.04 + 0.021.19 % 10 | 0.151.65 + 0.640.45 | 0.881.91 % 10" | NoYes
2 m2glyrt %oyrt 13
(h) MACsz0 (m?gY) -9.30-1.03 X 10°102 + 3.292.22 | -2.98-3.08 + | 0.152.73 %10 | NoYes
X 103102 m2glyr? 1.050.67 %yr? e




Table S4. Long-term trends and statistical significance of PM; aerosol optical and mass properties.

S.No. | Variable Slope Relative trend p-value Statistical
significance
() Osca,550 (Mm™?) -0.29-0-26 + 0.150:-27 Mmtyr! -4.80-3:48 + 2.432.33 | 7.816:-85x 10 | Yes
%yrt 4103
(b) Gabs,520 (MM™Y) -0.09-0.10 # 0.020.02 Mmyrt -8.87-8.38 + 2.182.03 | 3.556.29 x 10" | YesYes
%yr? 108
(c) SAE 1.32x1020:02 £1.141.20x 102102 yr | 0.550:83 +* 0.470-49 | 5.829:24x 10" | Yes
(dimensionless) | ! %yrt 3104
(d) AAE 4.30-1:37 x 10102 + 5.886:29 x 10" | 0.03-116 + 0.470.54 | 0.936:41%10° | No¥Yes
(dimensionless) | 2102 yr?! Y%yrt 6
(e) PM mass -0.09-0-13 + 0.020-06 pgm3yr? -3.63-517 + 0.942:48 | 1.061-38 x 10" | Yes
(Hgm™) %yrt 40°
() SSAss0 4.916.55x 10°10°+2.792.89 x 10°10° | 0.590.78 + 0.330.34 | 0.143.68%10° | NoYes
(dimensionless) | ® yr? Y%yrt 6
@) MSCsso (M2gY) | 1.54 x 10°0.05 + 0.024.21 %102 m?g | 0.052.46 + 0.540.37 | 340 x 10" | Yes No
lyrt %yrt 150.93
(h) MACsz (Mm?g™) | -0.01-1.38 %102+ 5.08 x 10°3.33 %10 | -2.23-2.62 + 1.000.63 | 0.293.89 %10 | No¥Yes
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Table S5. Summary of aerosol classifications in Figure 6.

Region in Aerosol ) )
] AAE SAE Size o Supporting studies
Figure 6 classification
Cazorla et al. (2013): AAE ~2.5,
SAE ~0.5.
Mineral dust Russell et al. (2010): Dust, coarse
) Coarse (>2.5 )
Dust Dominated | >2 <1 um) (e.q., desert mode, high AAE.
m
regions) Malm and Hand (2007): Dust
from desert regions with low
scattering efficiency.
Cazorla et al. (2013): Mixed
) ] ) values for overlapping dust/black
Dust/EC Mixed (fine + Dust mixed
Domi g ~1-2 ~1 h aged BC carbon.
ominate coarse) with age )
Clarke et al. (2007): Combustion
aerosols interacting with dust.
Schuster et al. (2006): AAE ~1 for
BC.
Fossil fuel
) ) - Clarke et al. (2007): SAE >1.5 for
EC Dominated | ~1 >1.5 Fine (<1 um) combustion (i.e. | )
fine combustion aerosols.
BC) _
Sheridan and Ogren (1999): BC
classification with low AAE.




Cazorla et al. (2013): AAE ~1.8
for OC, moderate SAE.

Fine to ) Russell et al. (2010): AAE 1.5-2
) ) Biomass ]
OC Dominated 152 1-1.5 | accumulation burning. SOA linked to OC.
urning,
mode Malm and Hand (2007): OC from
regional biomass burning or SOA
formation.
Malm and Hand (2007): Sulfate
coating reduces SAE and AAE.
Aged aerosols
Coated Large ) ] Clarke et al. (2007): Coated
] <0 <0.5 Mixed/coarse | sulfate coating ] ]
Dominated particles with low SAE.
on dust ]
Sheridan and Ogren (1999):
Mixed aerosols with coatings.
Cazorla et al. (2013): Mixed
AAE/SAE values for overlapping
Mixed sources: | sources.
Dust/OC or Lis . Mixed (fine + | urban, Clarke et al. (2007): Mixing of
EC/OC Mixed ' T coarse) industrial, or dust and pollution aerosols in
forest urban environments.

Malm and Hand (2007): Regional
mixing.
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Figure S6. Monthly variations of aerosol optical properties for PM; aerosol particles from October 2010 to
October 2022 () 0scq, 550, (D) Guns, 520, and (d) PM mass. Box plots represent the interquartile range, with the first
horizontal line showing the 25" percentile, the middle line showing the median (50" percentile), and the third

horizontal line showing the 75" percentile. Whiskers extend to the 10% and 90" percentiles.

5

SAE (dimensionless)

)
=
]
=]
]
o
=]

=

=

o
=
in
=]

(c)

=
o
=)

difnensionless) AAE (dimensionless)
—
o
=

|

01 02 03 04 05 06 07 08 09 10 11 12
Month

)
2g71) SSAsso |
o
3

9
(=]
(=2
(=}

'

H

|

:

i

i

'

'

i

i

i

'

'

'

|

i

i

i

i

1

1

1

'

i

i

i

i

i

1

'

'

1

|l

i

i

i

0

- 1
T

4 L
01 02 03 04 05 06 07 08 09 10 11 12

Month
@ & ®) -
2 £ 2.00
< s
w W 1.50
< &
06 07 08 09
- . (d) ~
(c) 7 T, 4.00
E ~
S E300
= 2
& R 2.00
a s
(e) 0L 02 03 04 05 06 07 08 09 10 11 12 01 02 03 04 05 06 07 08 09 10 11 12

Month

o

MACSZQ (ng_l)
o
s

o
)
o

01 02 03 04 05 06 07 08 09 10 11 12
t

Month

Figure S7. Monthly variations of aerosol optical properties PM1o aerosol particles from October 2010 to
October 2022 (a) AAE, (b) SAE, (c) SSAsso, (d) MSCsso and () MACs. Box plots represent the interquartile
range, with the first horizontal line showing the 25 percentile, the middle line showing the median (50™
percentile), and the third horizontal line showing the 75" percentile. Whiskers extend to the 10" and 90™"

percentiles.

16



s

(e)7 1.00
o

"£0.75

Z0.501
2

=0.25

Month

—
O

AAE (unitless)

=
kS
o

=
N
o

[©

—_
(2]
-~

SSAssp (unitless)

. o
©
=3

(=]
w

o
©
=)

o
~
wn

—
&

=
o
o

o
~J
v

o

wn

=}
-

MACs2p (m?g™)

o
N
%

01 02 03 04 05 06 07 08 09 10 11 12
Month

[74]

32.?5

c

22,500 -+---F---- - B ST e IR . -
c

E .

S22 Rt

<200

0T % 03 04 05 06 07 08 09 10 11 13

08 09 10 11 12

06 07
Month

01 02 03 04

N

(%

[=]
1
i
1
1
1
1
1
]
1

nd
¥}
%

SAE (unitless)

g
o
=

bt
o
o

MSCsso (m?g~1)

N

=)

S
1

01 02 03 04 05 06 07 08 09 10 11 12
Month

Figure S8. Monthly variations of aerosol optical properties PM; aerosol particles from October 2010 to October
2022 (a) AAE, (b) SAE, (c) SSAss0, (d) MSCssp and (e) MACsz9. Box plots represent the interquartile range, with

17



the first horizontal line showing the 25" percentile, the middle line showing the median (50" percentile), and the

third horizontal line showing the 75" percentile. Whiskers extend to the 10% and 90" percentiles.
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Figure S9. Ordinary least squares regression of guss s60 from the AE33 with respect to guss 37 from the MAAP.
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In Figure S10, PMo_is shown in panels (a) AE31 (2010-2017) and (b) AE33 (2018-2022), PM; in (c¢) AE31
(2010-2017) and (d) AE33 (2018-2022), and PM, ;o in (¢) AE31 (2010-2017) and (f) AE33 (2018-2022). Box

plots represent the interquartile range, with the first horizontal line showing the 25™ percentile, the middle line

showing the median (50™ percentile), and the third horizontal line showing the 75" percentile. Whiskers extend

to the 10 and 90 percentiles.
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