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Text S1. Statistics Calculation

We mainly use the coefficient of determination (r?), normalized mean bias (NMB, Eq.
1), and normalized mean difference (NMD, Eq. 2) to evaluate simulated BC

concentrations (Csim) using coincident measurements (Cpeas) across a total of N

SPARTAN sites.
N P .

NMB = lelg.viﬁ; cama) 1)
N N .

NMD = zlﬂfvingn camal 2

where Csin,; 18 the simulated BC concentration at SPARTAN site i, Cueasi iS the
measured BC concentration at the same site, and |Csimi — Cumeas,i| 1S the absolute

difference between the simulated and measured concentrations.
Text S2. Representativeness Bias

Differences in representativeness between measurements and simulations arise from
comparing a point measurement with an area average, magnified by the tendency for
measurements to be in locations with elevated BC concentrations'-. To examine this
potential bias, we perform GCHP sensitivity simulations at the finest available
meteorological resolution of C720 (~12 km) and compare BC concentrations with
those from simulations at C360 (~25 km) resolution in 2022, the year in which archival
began of the GEOS-FP C720 meteorological data. A full-year simulation at C720 would
be computationally prohibitive. However, a high level of consistency is found between
BC concentrations in the C360 and C720 simulations (Figure S7), indicating that
comparing BC simulations at approximately 25 km resolution with point measurements
would yield similar results as using a 12 km simulation. The most prominent exception
is for Beijing in January, where and when the C720 has BC concentrations that are 22%
lower than at C360, partially explaining the anomaly apparent in Figure 2. Moreover,

SPARTAN stations are mostly located on rooftops with a mean height of 17 m, which



97  increases their spatial fetch (Table S1), generally reducing differences between volume-

98  averaged modeled concentrations and point measurements.



99  Tables
100
101  Table S1. Location information of SPARTAN sites used in this study.

. . . . Rooftop
Site Host Institute Latitude Longitude )
Height (m)
Abu Dhabi Masdar Institute 24.44 54.62 27
Addis Ababa Addis Ababa University 9.01 38.82 3
Bandung Institute of Technology Bandung -6.89 107.61 30
Beijing Tsinghua University 40.00 116.33 9
Bujumbura University of Burundi -3.38 29.38 12
Dhaka Dhaka University 23.73 90.40 22
Fajardo Cabezas de San Juan Nature Reserve 18.38 -65.62 4
Haifa Technion Israel Institute of Technology 32.78 35.02 32
Halifax Dalhousie University 44.64 -63.59 13
Ilorin Ilorin University 8.48 4.67 11
Johannesburg University of Johannesburg -26.18  28.00 11
Kanpur Indian Institute of Technology Kanpur 26.51 80.23 8
Kaohsiung Kaohsiung Medical University 22.65 120.31 15
Melbourne University of Melbourne -37.80 144.96 57
Mexico City  Universidad Nacional Autonoma de México 19.33 -99.18 16
Pasadena Jet Propulsion Laboratory 34.20 -118.17 15
Pretoria Council for Scientific and Industrial Research -25.76  28.28 13
Rehovot Weizmann Institute 31.91 34.81 16
Seoul Yonsei University 37.56 126.93 25
Sherbrooke Sherbrooke University 45.38 -71.93 9
Taipei National Taiwan University 25.04 121.50 10
Ulsan Ulsan National Institute of Science and Technology 35.58 129.19 12
102



103 Table S2. Sampling information and BC concentration (ug/m?) for SPARTAN sites
104  used in this study.
) Most Recent i Start Date Mean Standard
Site Start Date Sampling Seasons® for MAIA N )
Sample Date b (Median) Error
Sites

Abu Dhabi 4/26/2019  12/23/2023 DIJF, MAM, JJA, SON 113 2.7(2.7) 0.11
Addis Ababa 12/7/2022  12/27/2023 DIJF, MAM, JJA, SON 12/7/2022 116 4.8 (4.5) 0.19
Bandung 9/6/2019 7/11/2021 DIJF, MAM, JJA, SON 23 3.7(3.9) 0.20
Beijing 3/24/2020  11/28/2023 DIJF, MAM, JJA, SON 8/30/2022 153 1.4(1.3) 0.090
Bujumbura 12/9/2022  12/26/2023 DIJF, MAM, JJA, SON 18 3.7@3.2) 0.40
Dhaka 8/11/2020 10/7/2023 MAM, JJA, SON 52 5.6(54) 0.86
Fajardo 3/18/2021  12/24/2023 DIJF, MAM, JJA, SON 34 0.11(0.083) 0.017
Haifa 2/16/2022 6/17/2023 DIJF, MAM, JJA, SON 2/16/2022 143 0.85(0.63) 0.10
Halifax 6/14/2019  10/24/2023 DIJF, MAM, JJA, SON 112 0.23(0.21) 0.015
Ilorin 7/13/2019 12/1/2021 DIJF, MAM, JJA, SON 36 3.0Q2.2) 0.61
Johannesburg 4/7/2022  12/28/2023 DIF, MAM, JJA, SON 4/7/2022 168 2.4(2.3) 0.18
Kanpur 7/14/2021 5/24/2022 DIJF, MAM, JJA 14 3.8(3.0) 0.73
Kaohsiung 8/20/2022  12/29/2023 DIJF, MAM, JJA, SON 8/20/2022 123 1.3(1.4) 0.12
Melbourne 8/9/2022  12/28/2023 DIJF, MAM, JJA, SON 34 0.43(0.32) 0.061
Mexico City 2/26/2021  12/24/2023 DIJF, MAM, JJA, SON 52 2.1(2.0) 0.11
Pasadena 11/9/2021  11/15/2023 DIJF, MAM, JJA,SON 11/9/2021 233 0.47 (0.44) 0.030
Pretoria 10/22/2020  12/27/2023 DIJF, MAM, JJA, SON 4/15/2021 233 2.1 (2.0) 0.24
Rehovot 7/2/2020 6/7/2023 DIJF, MAM, JJA, SON 11/5/2021 178 1.2(1.0) 0.11
Seoul 9/11/2020  12/30/2023 DIJF, MAM, JJA, SON 65 1.2(1.1) 0.094
Sherbrooke 8/29/2019 6/21/2023 DIJF, MAM, JJA, SON 67 0.36(0.28) 0.049
Taipei 1/27/2022  12/31/2023 DIJF, MAM, JJA, SON 1/27/2022 218 0.83 (0.75) 0.040
Ulsan 10/28/2021  12/23/2023 DIJF, MAM, JJA, SON 92  0.78 (0.74) 0.043

105  ? DJF includes December, January, and February; MAM includes March, April, and May; JJA

106 includes June, July, and August; SON includes September, October, and November.

107  ° These sites began using the MAIA sampling protocol on the specified date.

108  © Nis the number of samples from each site included in this study.



109

Table S3. Sampling information and BC concentration for other individual measurements referenced in this study. Mass absorption cross section

110  (MAC, m%g) values at 880 nm and estimated values at 633 nm are provided for measurements using acthalometers when available.
Location MAC at880 MAC at 633 BC
Country Site Latitude Longitude Instrument Sampling Period Source
Type nm (m”/g)  nm (m’/g)* (ng/m’)
Argentina Buenos Aires  -34.56 -58.51 suburban  Aethalometer (AE42) 16.6 23.1 Nov 2014 to Mar 2016 3.18 Resquin et al.*
Bolivia La Paz -16.50 -68.13 urban Acthalometer (AE33) 7.77 10.8 Jan to Jun, 2018 1.6 Mardofiez-Balderrama et al.’
Ivory Coast ~ Lamto 6.22 -5.03 rural Acthalometer (AE31) 16.6 23.1 Jan 2015 to May 2017 1.4 Kouassi et al.®
Mexico Monterrey 25.75 -100.26 urban Acthalometer (AE33) 16.6 23.1 Jan to Dec, 2016 2.46 Peralta et al.
Morocco Kenitracity ~ 34.23 -6.61 urban Acthalometer (AE31) 16.6 23.1 July 2020 to Feb 2021 0.9 Bounakhla et al.®
Peru Hyo -12.04  -75.32 rural Aethaometer (AE33)  7.77 10.8 May 2022 to Oct 2023  0.65 Villalobos-Puma et al.’
Rwanda Kigali -1.96 30.06 urban Portable Black NaN NaN Jan to Dec, 2020 7.8 Kalisa and Adams'®
Carbon Monitors
(BC1060)
Mozambique Manhica -25.41 32.81 semi- Sunset OC-EC NaN NaN 2014 to 2015 0.9 Curto et al.!!
rural Aerosol Analyzer
Cotonou Benin 6.35 -2.43 urban Thermal/Optical NaN NaN Feb 2015 to Mar 2017 2 Djossou et al.'
Carbon Analyzer
(DRI Model 2001)
Ivory Coast  Abidjan 5.33 -4.02 urban Thermal/Optical NaN NaN Feb 2015 to Mar 2017 7 Djossou et al.'?
Carbon Analyzer
(DRI Model 2001)
111 “In aethalometer studies, MAC measurements at 880 nm are typically used to calculate BC concentrations®. For direct comparison, we adjust the MAC values
112 to 633 nm, the wavelength used in Hybrid Integrating Plate/Sphere (HIPS) measurements in SPARTAN. This adjustment assumes that MAC varies inversely
113 with wavelength and that the particles are small relative to the wavelength'>.



114  Figures

Fajardo
Halifax
9 91
_ (a) N (b) A Beijing * ;ﬁ?ﬁzze
M y=0.21x + 0.51 A y =0.31x + 0.42 Pasad
g r2 =028 g rz =043 : UTsa lena
N N Isan
g A Beijing N = 21 5—,’ N =21 A Taipei
= c @ Haifa
_8 64 _8 61 ® Rehovot
E E A Seoul
O (@] A Kaohsiung
% % A Beijing
i) © y Mexico City
o om Pretoria
103 31 E 31 N B Kanpur Johannes?urg
© O "] Kanpur ©  Dhaka ®  Abu Dhabi
> " > ® llorin
g N ® o ddis Ababa g © 8¢  ®Addis Ababa B Bandung
& ) Bujumbura n A Bujumbura Bujumb
ry PS B Dhaka 3 . ¢ Puumoura
o & Abu Dhabi EDGAR 04 . Abu Dhabi HTAP | | ® Kanpur
- . i . ) v ) ) ; . ® Addis Ababa
0 3 6 9 0 3 6 9 W Dhaka
116 HIPS Measured Black Carbon (ug/m3) HIPS Measured Black Carbon (ug/m3)

117  Figure S1. Annual mean BC concentrations across SPARTAN sites, with GCHP
118  simulations using different inventories at C360 resolution (~25 km) in 2019 and
119  SPARTAN measurements from 2019 to 2023. (a) EDGAR and (b) HTAP. Annotations
120  include the line of best fit (y), coefficient of variation (r?), and number of comparison
121 points (N). The lowest half of the measured concentrations are indicated in blue and the
122 upper half in red. The Beijing site, marked in grey, is excluded from statistical
123 calculations due to anomalies in its emissions estimates. Symbols indicate different
124  regions (diamonds for North America, star for Australia, triangles for East Asia,
125  pentagons for the Middle East, circles for Africa, and squares for South Asia).
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Figure S2. BC concentrations from measurements and simulations across different
regions: (a) North America, (b) Europe, and (c) East Asia. SPARTAN and additional
measurements are represented by colored circles and squares, respectively, surrounded
by concentric circles and squares indicating local GCHP concentrations using the
CEDS inventory. A GCHP C360 (~25 km) simulation using the CEDS inventory is in
the background.
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Figure S3. Mean BC concentrations across SPARTAN sites, with GCHP simulations
using different meteorology (GEOS-FP vs MERRA-2) at C180 resolution (~50 km) in

2019. (a) January and (b) July. Annotations include the line of best fit (y), coefficient

of variation (r?), and number of comparison points (N). Symbols indicate different
regions (diamonds for North America, triangles for East Asia, pentagons for the Middle

East, circles for Africa, and squares for South Asia).
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January and (b) July. Annotations include the line of best fit (y), coefficient of variation
(r?), and number of comparison points (N). Symbols indicate different regions
(diamonds for North America, triangles for East Asia, pentagons for the Middle East,

0 4 8 12 16
BC with Default Scavenging (ug/m3)

BC with Alternative Scavenging (ug/m3)

(b)
6<
y =1.0x - 0.025
r’=1.0
4] N=20
2<
01 July, 2019
0 2 4 6

BC with Default Scavenging (ug/m3)

circles for Africa, and squares for South Asia).

11

PP o o> e

Fajardo
Halifax
Pasadena
Ulsan

Taipei

Haifa
Rehovot
Seoul
Kaohsiung
Beijing
Mexico City
Pretoria
Johannesburg
Abu Dhabi
llorin
Bandung
Bujumbura
Kanpur
Addis Ababa
Dhaka




161

(b)

124 (a)
y =1.0x-0.080 y=1.3x+0.84
r2=0.82 rr=0.85

o/ N=689 124 N =740

IS
o

FT-IR Elemental Carbon (ug/m?3)
@
UV-Vis Black Carbon (ug/m3)
e}

3o§ 15 §
20% 10 %
31 1o§ 4 5 §
0 0
04 04"
0 3 6 9 12 0 4 8 12 16
148 HIPS Black Carbon (ug/m?3) HIPS Black Carbon (ug/m?3)
149  Figure SS. Comparison of BC concentrations measured by HIPS, FT-IR, and UV-Vis
150 in SPARTAN. (a) HIPS vs FT-IR and (b) HIPS vs UV-Vis. Annotations include the
151  line of best fit (y), coefficient of variation (r?), and number of comparison points (N).
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Figure S6. Annual mean BC concentrations across SPARTAN sites, with GCHP
simulations using the CEDS inventory and HIPS measurements using varying MAC
values from 7 m?/g to 13 m?/g. The simulations are from 2019, while the measurements
are from 2019 to 2023. Annotations include the line of best fit (y), coefficient of
variation (r?), and number of comparison points (N). A MAC of 7 m?/g is represented
by leftmost markers filled with a forward slash and a line of best fit (y;) indicating
lower BC concentrations, while a MAC of 13 m?/g is represented by rightmost markers
filled with a backslash and a line of best fit (yz) indicating higher BC concentrations.
The lowest half of the measured concentrations are indicated in blue and the upper half
in red. The Beijing site, marked in grey, is excluded from statistical calculations due to
anomalies in its emissions estimates. Symbols indicate different regions (diamonds for
North America, star for Australia, triangles for East Asia, pentagons for the Middle East,
circles for Africa, and squares for South Asia).
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Figure S7. Mean simulated BC concentrations across SPARTAN sites, with GCHP
simulations using the CEDS inventory at C360 (~25 km) and C720 (~12 km) in 2022.
(a) January and (b) July. Annotations include the line of best fit (y), coefficient of
variation (r?), and number of comparison points (N). Symbols indicate different regions
(diamonds for North America, triangles for East Asia, pentagons for the Middle East,
circles for Africa, and squares for South Asia).
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