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Supplementary Information: “Characterization of Organic Aerosol across the Global
Remote Troposphere: A comparison of ATom measurements and global chemistry
models” by Hodzic et al.
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Figure S1: (Upper plots) Vertical distribution of organic aerosol concentrations (OA, ug
sm?) along the ATom-2 flight tracks that took place during February 2017. (Lower plots)
The corresponding average OA vertical profiles for each latitude region, and ratios
between Pacific and Atlantic OA concentrations in each latitude region.
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Figure S2: Similar to figure 3, showing the ratios between predicted and observed OA
concentrations for all ATom-1 flights as calculated for the ATom model assemble and a
subset of AeroCom-Il models in different regions. The AeroCom-Il subset of models
incudes CAM5-MAM3, CCSM4-hem, ECHAM5-HAM2, GEOSChem-APM 8.2,
GEOSChem 9, GISS-TOMAS and GMI (see Tsigaridis et al., 2014 for their description).
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Figure S3: Vertical profiles of OA / OC ratios as measured during the ATom-2 deployment

and as calculated in the AeroCom-Il models.
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Figure S4: Quantitative comparison of OA measured during ATom-1 (upper panel) and
ATom-2 (lower panel) deployments with the average predictions of the AeroCom-II

models. The normalized mean bias is shown for all individual model simulations for various

latitudinal regions and for both the Atlantic and Pacific basins.
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Figure S5: Comparison of latitude-averaged predicted OA, POA and SOA vertical profiles
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with ATom-1 measurements taken over the Pacific (left side) and the Atlantic basins (right

side) for all current model simulations.
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Figure S6: As Figure S5, but showing the plots on a linear scale.
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Figure S7: As Figure S5 for ATom-2.
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Figure S8: POA/OA distributions (free troposphere only) from Figure 7 shown as

cumulative distributions (CDF).
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Figure S9: Sensitivity of the overall measured POA/OA distribution to different estimates
of POA/BC ratios for both urban and BB sources covering the range of values shown in
Table S1 and S2, both for the frequency and cumulative frequency distribution (left/right)
and ATom-1 and 2 (top/bottom).
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Figure S10: Exploring the impact of OA data below detection limit (DL) and different
replacement approaches on the POA/OA distributions in Figure 7 for ATom 1 and 2.
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Figure S11: Exploring the impact of various data averaging frequency (from 1 to 20 minute
resolutions) on the OA/(OA+S0O4) distributions in Figure 9. In the manuscript, a 5-minute

averaging is considered.
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Figure S12: Normalized standard errors and biases calculated for the comparison of the
measured and modeled vertical profiles (N=182, 3% of measured points under DL) and
the measured and modeled flight racks at 1 min resolution as shown in Table 2 and S3
(N=5580, 32% of measured points under DL) for ATom-2.
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Table S1: POA/BC ratios determined in previous field and laboratory emission studies.

Studies that reported well constrained POA (up to the double line) were averaged to
determine the two values used for (POA/BC)anthro and (POA/BC)gs.

Source Technique Type of emissions POA/BC ratio | POA/BC ratio
(OA measured) | (OC measured,
OA/OC of 1.8
used)
Zhang et AMS PCA for POA Urban background 1.41
al, 2005 EC from TOCA
Szidat et al 14C source apportionment Urban mobile 2.65
(2006) for EC and OC sources 11.3
Residential burning
Ban-Weiss et | OC: Filters (TOA) Mobile sources:
al (2008) Aethelometer and filters for | Light Duty Vehicles 25
BC Diesel 1.3
Aiken et al AMS PMF for POA, Urban background 0.8
(2009) SP2 for BC
Christian et TOT EC/OC analyzer Cooking Stoves 6.3
al (2010) Trash Burning 7.75
Brick Klinn 0.27
Charcoal Klinn 78
AG Burn 200
Chiricoetal | AMS PMF for POA Tailpipe emissions, 0.16-0.3
(2010) SP2 for BC gas vehicle
Minguillon et | 14C source apportionment Urban backg. 1.7
al (2011) for EC and OC, combined Rural backg. 4
with AMS PMF Biomass burning 154
Huang et al AMS PMF for POA, Urban backg winter 0.82
2012 SP2 for BC Urban backg 1.27
summer
Hayes et al AMS PMF for POA, Urban background 1.82 (average)
(2013) SP2 for BC 1.51 (more
diesel
influenced)
Crippa et al AMS PMF for POA, Urban mobile 0.5 (ave)
(2013) Aethelometer for BC sources 3.4 (ave)
Residential burning
Huang et al Offline AMS and TOT Traffic 0.5
2014 OC/EC analyzer, ME2 Cooking 25
analysis BB 11
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69

70
71

Zhang et al, 14C source apportionment Fossil fuel, coal 1.6

2015 for EC and OC burning 8.5
Residential burning

Hu et al, AMS PMF for POA, Urban Background 14

2016 SP2 for BC

Kim et al, AMS PMF for POA, Urban background 2.2

2018 SP2 for BC (70% HOA, 30%
COA)

Whatore et TOT EC/OC analyzer African traditional 4.8

al, 2017 stoves

Nault et al, AMS PMF for POA, Urban background 2.38

2018 SP2 for BC

Chen et al, AMS PMF for POA, BB urban 6.25

2018 SP2 for BC BB rural 5

Chiricoetal | AMS OA Tunnel mobile 04

(2011) SP2 for BC emissions

Kim et al, AMS PMF for POA, Total urban POA 32

2017 SP2 for BC (40% BB, 27%
HOA, 33% COA)

Andreae, Review Grass burning 10.1

2019 Tropical forest b 15.8
Temperate forest b 35
Boreal forest b 25.6
Peat 189
AG 21.6
Biofuel 7
Charcoal 18
Average 13.2

Table S2: POA/BC ratios as derived from several emission inventories and as found in

published ambient measurements.

Source Type of emissions POA/BC ratio POA/BC ratio Emission
(POA=1.4*POC) | (POA=1.8*POC) year
Biomass Tropical Forest 11.0 14.2
burning Savanna 9.9 12.7
Crop Residue 4.3 5.5 N/A
Akagi et al. | Pasture Maintenance 14.8 19.1
(2011) Extratropical Forest 22.9 29.4




Peatland 43.6 56.1
Chaparral 4.0 5.1
Open Cooking 4.9 6.3
Stoves 3.6 4.7
Charcoal Making 51.8 66.6
Charcoal Burning 1.8 2.3
Dung Burning 4.8 6.1
Garbage Burning 11.4 14.6
Total Fossil fuel 1.1 1.4
Total Biofuel/Biomass 8.7 11.2
Open burning/forest 12.7 16.3
Open burning/savanna 9.9 12.7
Open burning/crop residue 6.7 8.6
Coal/power generation 1.0 13
Diesel fuel/on-road 0.5 0.7
Wood/residential 5.6 7.2
Bond et al. .
(2004) Agrlcultur'al ' 1996
waste/residential 5.3 6.8
Animal waste/residential 5.0 6.5
Coal/industry 1.0 1.3
Diesel fuel/residential 0.5 0.6
Coal/residential 1.2 1.6
Diesel fuel/off-road 0.7 0.9
Gasoline/transport 10.1 13.0
Other combustion 2.3 2.9
Energy 2.4 3.1
Transportation 0.6 0.8
CEDS Ships 11 14
inventory Residential 4.2 5.4 2014
(CMIP 6) Industrial process 2.5 3.2
Waste 8.7 11.2
Total 3.4 4.4
Energy 9.6 12.3
Transportation 15 1.9
Industries 2.1 2.7
ACCLIP Residential 5.6 7.2 2000
Agricultural waste 6.7 8.6
Waste 1.9 2.4
Total 3.5 4.5
Aviation climbing and
descent 0.7 0.9
Aviation cruise 0.7 0.9
Aviation landing and take off 0.7 0.9
EDGAR Oil reflnerles' and
Transformation 0.2 0.3 5012
v4.3.2 Energy industry 1.6 2.1
Combustion in
manufacturing industry 2.7 3.4
Fuel exploitation 0.1 0.2
Non-road ground
transportation 1.5 1.9

10



Ships 0.7 0.9
Road transportation 1.1 1.4
Residential and other sectors 5.4 6.9
Agricultural waste burning 21.0 27.0
Waste incineration 2.4 3.1
Fossil Fuel fires 0.7 0.9
Total 3.5 4.5
72
73  Table S3: Similar to table 2 but for sulfate aerosols. The statistical indicators are calculated
74  as normalized mean bias NMB(%) = 100 x };(M; — 0;)/ X; O;; normalized mean error
75 NME(%) = 100 x X;|(M; — 0)|/X;0;; root mean square error RMSE(ugm™3) =
76 /(1/N)X(M; — 0,)% and correlation coefficient (R?) between modeled (M) and observed
77  (O)) data points. The mean of ATom-1 sulfate observations is ~0.18 ng m and for ATom-
78 2is~0.165 ug m>.
Sulfate Avg.Mod. | NMB NME | RMSE | R? Avg.Mod. | NMB NME | RMSE R?
(ug m?) | (%) (%) | (ng m®) (ug m?) | (%) (%) | (ng m?)
Model ATom-1 scores (August 2016) ATom-2 scores (February 2017)
ATom Ensemble 0.188 -0.31 73.8 0.446 0.21 0.163 -3.3 65.2 0.234 0.20
CESM2-DYN 0.197 2.3 86.0 0.471 0.16 0.113 -33.6 65.2 0.322 0.15
CESM2-SMP 0.190 -1.1 85.3 0.475 0.15 0.106 -38.0 64.1 0.306 0.23
CESM1-CARMA 0.161 -11.0 89.4 0.455 0.12 0.106 -36.4 72.9 0.420 0.05
ECHAM6-HAM 0.518 190 263 0.785 0.03 0.471 1915 | 262.8 0.634 0.01
GC12-DYN 0.205 13.4 79.6 0.413 0.24 0.216 21.0 82.5 0.251 0.15
GC12-REF 0.211 16.9 80.9 0.414 0.24 0.222 24.4 79.5 0.245 0.17
GC10-TOMAS 0.202 8.2 85.6 0.445 0.15 0.211 25.9 91.1 0.289 0.04
GEOS5-GOCART 0.110 -43.2 69.1 0.468 0.11 0.103 -40.6 71.9 0.237 0.10
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