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Figure S1: (Upper plots) Vertical distribution of organic aerosol concentrations (OA, µg 6 
sm-3) along the ATom-2 flight tracks that took place during February 2017. (Lower plots) 7 
The corresponding average OA vertical profiles for each latitude region, and ratios between 8 
Pacific and Atlantic OA concentrations in each latitude region. 9 
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 10 
Figure S2: Similar to figure 3, showing the ratios between predicted and observed OA 11 
concentrations for all ATom-1 flights as calculated for the ATom model assemble and a 12 
subset of AeroCom-II models in different regions. The AeroCom-II subset of models 13 
incudes CAM5-MAM3, CCSM4-hem, ECHAM5-HAM2, GEOSChem-APM 8.2, 14 
GEOSChem 9, GISS-TOMAS and GMI (see Tsigaridis et al., 2014 for their description).  15 
   16 

 17 

Figure S3: Vertical profiles of OA / OC ratios as measured during the ATom-2 deployment 18 
and as calculated in the AeroCom-II models. 19 
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 20 

 21 
Figure S4: Quantitative comparison of OA measured during ATom-1 (upper panel) and 22 
ATom-2 (lower panel) deployments with the average predictions of the AeroCom-II 23 
models. The normalized mean bias is shown for all individual model simulations for 24 
various latitudinal regions and for both the Atlantic and Pacific basins. 25 
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 30 
Figure S5: Similar to figure 4 but on a linear scale. 31 
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 39 
Figure S6: Comparison of latitude-averaged predicted OA, POA and SOA vertical profiles 40 
with ATom-1 measurements taken over the Pacific (left side) and the Atlantic basins (right 41 
side) for all current model simulations shown on a logarithmic (a) and linear (b) scales. 42 
 43 
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Figure S7: As Figure S6 for ATom-2 shown both on a logarithmic (a) and linear (b) scales. 52 
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  54 
Figure S8:  POA/OA distributions (free troposphere only) from Figure 7 shown as 55 
cumulative distributions (CDF). Note that for the OA/BC ratios observed for ATom 56 
specifically, the green curves in Fig S9b and S9d (BBratio=2) are closer to the real 57 
distribution.  58 

   59 

 60 
 61 
Figure S9: Sensitivity of the overall measured POA/OA distribution to different estimates 62 
of POA/BC ratios for both urban and BB sources covering the range of values shown in 63 
Table S1 and S2, both for the frequency and cumulative frequency distribution (left/right) 64 



 7 

and ATom-1 and 2 (top/bottom). Note that for the choice of BBratio ranges, we used the range 65 
(within uncertainties) for the main global BB contributors and excluded one clear outlier, 66 
peat. This is justified since peat is a small source, mostly localized to SE Asia, and the main 67 
emissions of peat BB aerosol are outside the sampling periods of ATom-1 and 2 68 
(Reddington et al, 2014). 69 
 70 

  71 
Figure S10: Exploring the impact of OA data below detection limit (DL) by increasing the 72 
averaging interval on the POA/OA distributions in Figure 7 for ATom 1 and 2 (a 5 min 73 
averaging interval was used throughout the analysis discussed in Section 4.4). Also shown 74 
is the comparison of a capped (so f(POA)=0 includes f(POA)<0, and f(POA)=1 includes f(POA)>1) vs. an 75 
unconstrained histogram, for the same set of averaging intervals. In the manuscript, 5-76 
minute averaging (capped) is used. 77 
 78 

     79 
 80 
Figure S11: (left) Distribution of BC/OA ratios that are used as the basis of the estimation 81 
of f(POA) for all ATom deployments, shown using different averaging intervals (right) Effect 82 
of the 5% uncertainty in the f(BB) reported by the PALMS instrument on the estimation of 83 
f(POA), using both bracketed and not bracketed data (cf. Figure S10). 84 



 8 

 85 
 86 

   87 
 88 
Figure S12: Exploring the impact of various data averaging frequency (from 1 to 20 minute 89 
resolutions) on the OA/(OA+SO4) distributions in Figure 9. In the manuscript, a 5-minute 90 
averaging is used.  Also shown is the impact of calculating bracketed (just for ratios from 91 
0..1) normalized frequency distributions (as used in the manuscript) vs. considering all 92 
points. 93 
 94 

  95 
 96 
Figure S13: Exploring the impact of thresholding the 5-min averaged data by a minimum 97 
detectable aerosol volume in the PM1 range (from the NOAA SD product, see Guo et al 98 
2019 for details) when computing the the OA/(OA+SO4) distributions in Figure 9. 99 
 100 
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 101 
Figure S14: Normalized standard errors and biases calculated for the comparison of the 102 
measured and modeled vertical profiles (N=182, 3% of measured points under DL) and the 103 
measured and modeled flight racks at 1 min resolution as shown in Table 2 and S3 104 
(N=5580, 32% of measured points under DL) for ATom-2. 105 



 10 

 106 
 107 
Figure S15: As Figure 8, shown for black carbon (BC). 108 
 109 

 110 
Figure S16: Sensitivity simulations to estimate the importance of the non-volatile vs. semi-111 
volatile POA treatment in GEOS-Chem. The semi-volatile POA in GC12-REF-SVPOA 112 
(GC12-DYN-SVPOA) model configuration should be directly compared with the 113 
corresponding GC12-REF (GC12-DYN) non-volatile POA.   114 
 115 
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 117 

 118 
Figure S17: (top) tropopause heights from the NCEP reanalysis at each Lat/Long flown for 119 
ATom-1 (blue) and ATom-2 (green). (bottom) Planetary boundary layer (PBL) heights 120 
obtained in the same way. Values from the GEOS-5 model are very similar to these. ATom-121 
1 and 2 flight tracks are included in grey for context. 122 
 123 
 124 

a.  125 
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c.  127 

d.  128 
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Figure S18: Comparison of OA median vertical profiles as measured during ATom-1 and 129 
predicted by the (a) AeroCom-II model ensemble and (b) ATom model ensemble. Panels 130 
(c) and (d) show the same for ATom-2, respectively (similar to figure 5 in the paper that 131 
compares OA average profiles). 132 
 133 
 134 

 135 
   136 
Figure S19: Distribution of the OA/BC ratio as a function of the fraction of BB influence 137 
measured by f(BB)PALMS, calculated both as binned averages (left) and binned medians (right) 138 
for AToOm-1. Also shown are the OA/BC ratios that we currently assume based on the 139 
literature review for both anthropogenic (FFratio) and biomass burning sources (BBratio). 140 
 141 
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 142 
Figure S20: Correlation of f(BB) from the PALMS instrument with collocated, well 143 
characterized gas phase tracers for BB for the full ATom mission (1-4). HCN (top panel) 144 
provided by the Caltech CIMS instrument, CH3CN (bottom panel) provided by the NCAR 145 
TOGA GC-IE instrument (Wofsy et al., 2018). 146 
 147 
 148 
	  149 



 15 

Table S1: POA/BC ratios determined in previous field and laboratory emission studies. 150 
Studies that reported well constrained urban non-BB POA based on AMS PMF 151 
determinations (highlighted in bold) were averaged to determine the value used for 152 
(POA/BC)anthro . Studies that reported (POA/BC)BB are shown in italics. For the average of 153 
(POA/BC)BB the weighted average reported by Andreae, 2019 was used. 154 

Source Technique Type of emissions 
POA/BC 

ratio (OA 
measured) 

POA/BC ratio 
(OC measured, 

OA/OC of 1.8 used) 

Zhang et al. 2005 AMS PCA for POA 
EC from TOCA 

Urban background 1.41 
 

Szidat et al. 2006 14C source apportionment 
for EC and OC 

Urban mobile sources 
Residential burning 

 
2.65 
11.3 

Ban-Weiss et al. 
2008 

OC: Filters (TOA) 
Aethalometer and filters for 
BC 

Mobile sources: 
Light Duty Vehicles 
Diesel 

 
 

2.5  
1.3 

Aiken et al. 2009 AMS PMF for POA, 
SP2 for BC 

Urban background 0.8    

Christian et al. 
2010 

TOT EC/OC analyzer Cooking Stoves 
Trash Burning 
Brick Klinn 
Charcoal Klinn 
AG Burn 

  6.3 
7.75 
0.27 
78 

200 

Chirico et al. 2010 AMS PMF for POA 
SP2 for BC 

Tailpipe emissions, gas 
vehicle 

0.16-0.3 
 

Minguillon et al. 
2011 

14C source apportionment 
for EC and OC, combined 
with AMS PMF 

Urban backg. 
Rural backg. 
Biomass burning 

  
  

15.4 

1.7 
4 

Huang et al. 2013 AMS PMF for POA, 
SP2 for BC 

Urban backg. winter 
Urban backg. summer 

0.82 
1.27 

 

 Hayes et al. 2013 AMS PMF for POA, 
SP2 for BC 

Urban background 1.82 
(average) 

1.51 (more 
diesel 

influenced) 

  

Crippa et al. 2013 AMS PMF for POA, 
Aethalometer for BC 

Urban mobile sources 
Cooking aerosol 
Residential burning  

0.5 (ave) 
0.5 (ave) 
3.4 (ave) 

  

Huang et al. 2015 Offline AMS and TOT OC/EC 
analyzer, ME2 analysis 

Traffic 
Cooking 

0.5 
2.5 
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BB 11 

Zhang et al. 2015 14C source apportionment 
for EC and OC 

Fossil fuel, coal burning 
Residential burning 

 
1.6 
8.5 

Hu et al. 2016 AMS PMF for POA, 
SP2 for BC 

Urban Background 1.4 
 

Kim et al. 2018 AMS PMF for POA, 
SP2 for BC 

Urban background 
(70% HOA, 30% COA) 

2.2 
 

Whatore et al. 
2017 

TOT EC/OC analyzer African traditional 
stoves 

 
4.8 

Nault et al. 2018 AMS PMF for POA, 
SP2 for BC 

Urban background 2.38   

Chen et al. 2018 AMS PMF for POA, 
SP2 for BC 

BB urban 
BB rural 

6.25 
5 

  

Chirico et al. 2011 AMS OA 
SP2 for BC 

Tunnel mobile 
emissions 

0.4 
 

Kim et al. 2017 AMS PMF for POA, 
SP2 for BC 

Total urban POA (40% 
BB, 27% HOA, 33% 
COA) 

3.2 
 

Andreae, 2019 Review 
(OA/OC of 1.6 used per the 
methodology of the review) 

Savanna 
Tropical forest b 
Temperate forest b 
Boreal forest b 
Peat 
AG 
Dung 
Biofuel 
Charcoal 
Average (used in this 
work) 

 
9.1 

13.8 
31.7 
22 

227 
18.7 
9.9 

52.6 
13 
11.8 

 155 

 156 

	  157 
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Table S2:  POA/BC ratios as derived from several emission inventories and as found in 158 
published ambient measurements.  159 

Source Type of emissions POA/BC ratio 
(POA=1.4*POC) 

POA/BC ratio 
(POA=1.8*POC) 

Emission 
year 

 
NEI  
Reff et al. 
(2009) 

Heavy duty diesel vehicles 0.3 0.4 

2001 

Light duty diesel vehicles 1.0 1.2 
Nonroad gasoline exhaust 5.4 7.0 
Onroad gasoline exhaust 5.2 4.0 
Residential wood comb. 13.2 17.0 
Residential coal combustion 2.6 3.4 
Residential natural gas comb. 10.2 13.2 

Biomass 
burning  
 
Akagi et al. 
(2011) 

Tropical Forest 11.0 14.2 

N/A 

Savanna 9.9 12.7 
Crop Residue 4.3 5.5 
Pasture Maintenance 14.8 19.1 
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 

Bond et al. 
(2004) 

Total Fossil fuel 1.1 1.4 

1996 

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 1.3 
Diesel fuel/on-road 0.5 0.7 
Wood/residential 5.6 7.2 
Agricultural 
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 

CEDS 
inventory 
(CMIP 6) 

Energy 2.4 3.1 

2014 

Transportation 0.6 0.8 
Ships 1.1 1.4 
Residential 4.2 5.4 
Industrial process 2.5 3.2 
Waste 8.7 11.2 
Total 3.4 4.4 



 18 

ACCLIP 

Energy 9.6 12.3 

2000 

Transportation 1.5 1.9 
Industries 2.1 2.7 
Residential 5.6 7.2 
Agricultural waste 6.7 8.6 
Waste 1.9 2.4 
Total 3.5 4.5 

EDGAR 
v4.3.2 

Aviation climbing and 
descent 0.7 0.9 

2012 

Aviation cruise 0.7 0.9 
Aviation landing and take off 0.7 0.9 
Oil refineries and 
transformation 0.2 0.3 
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 
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 

 160 

	  161 
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Table S3: Similar to table 2 but for sulfate aerosols. The statistical indicators are calculated 162 
as normalized mean bias 𝑁𝑀𝐵(%) 	= 	100 × ∑ (𝑀- − 𝑂-)/∑ 𝑂--- ; normalized mean error 163 
𝑁𝑀𝐸(%) 	= 	100 × ∑ |(𝑀- − 𝑂-)|- / ∑ 𝑂-- ; root mean square error 𝑅𝑀𝑆𝐸(𝜇𝑔	𝑚89) =164 
:(1/𝑁)∑ (𝑀- − 𝑂-);-  and correlation coefficient (R2) between modeled (Mi) and observed 165 
(Oi) data points. The mean of ATom-1 sulfate observations is ~0.18 µg m-3 and for ATom-166 
2 is ~0.165 µg m-3.  167 

Sulfate Avg.Mod. 
(µg m-3) 

NMB 
(%) 

NME 
(%) 

RMSE 
(µg m-3) 

R2 Avg.Mod. 
(µg m-3) 

NMB 
(%) 

NME 
(%) 

RMSE 
(µg m-3) 

R2 

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 0.471 191.5 262.8 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 0.110 -43.2 69.1 0.468 0.11 0.103 -40.6 71.9 0.237 0.10 

 168 

 169 
	  170 
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