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S1 Calculation of Δorg/ΔCO  

As described in the main manuscript text, we find no change in Δorg/ΔCO as the Manaus plume is transported downwind and 

ages, despite other metrics, such as the aerosol carbon oxidation state increasing, indicating plume aging. In an effort to ensure 

this observation is robust, we calculated Δorg/ΔCO in several different ways. In order to test the sensitivity of the calculation 

to the chosen background organic aerosol and CO concentrations, we also vary these quantities. In total, we calculated 5 

Δorg/ΔCO 16 different ways, using a combination of different calculations and backgrounds. The results of five of these 

calculations, which span a range of calculation methods and backgrounds, are shown in Figure S1. As seen in Figure S1, none 

of these methods shows a trend in Δorg/ΔCO with plume aging. We next describe the details of the calculation methods, the 

different background values of org and CO that were used in calculations, and the rationale for choosing these backgrounds 

and end with some general conclusions regarding the calculations.  10 

1) Method 1 (M1 on Figure S1) – The AMS-measured organic aerosol concentration was plotted against the measured CO 

concentration. All data for each flight leg perpendicular to the wind direction were included. Background values of org and 

CO were not subtracted from the data. Δorg/ΔCO was calculated as the slope of the linear regression that was not forced 

through the origin.  

2) Method 2 (M2) – Uses the same methodology as M1 except a background value of org=0.33 μg/m3 and CO=80.5 ppbv were 15 

subtracted from each OA and CO measurement. The linear regression was not forced through the origin.  

3) Method 3 (M3) - Δorg/ΔCO calculated using the arithmetic mean as:  
∆𝑜𝑟𝑔

∆𝐶𝑂
=

(𝑜𝑟𝑔̅̅ ̅̅ ̅̅ 𝑝𝑙𝑢𝑚𝑒−𝑜𝑟𝑔̅̅ ̅̅ ̅̅ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑)

(𝐶𝑂̅̅ ̅̅ 𝑝𝑙𝑢𝑚𝑒−𝐶𝑂̅̅ ̅̅ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑)
. Background values 

of CO and org are different for each leg and chosen as the mean of the quantities at the beginning and end of each leg (i.e., 

furthest from the plume).  

4) Method 4 (M4) – same as M3, but with fixed backgrounds of org=0.33 μg/m3 and CO=80.5 ppbv subtracted from the mean 20 

of plume quantities for each leg.  

5) Method 5 (M5) - same as M2 but with backgrounds of org=0.53 μg/m3 and CO=87.7 ppbv subtracted from each OA and 

CO measurement.  

The additional calculations not explicitly described are permutations of the linear regression method employing different 

background values for CO (80.5, 83, 87.7 ppbv) and organics (0.33, 0.53 μg/m3) and either forcing or not forcing the regression 25 

through the origin.  

Backgrounds of CO and org were chosen in several different ways that could be considered reasonable. The organic and CO 

backgrounds of 0.33 μg/m3 and 80.5 ppbv were the average values obtained when the G-1 was unambiguously above the 

boundary layer on the March 13th flight. These values are the lowest values observed during any portion of the flight. The 

organic and CO backgrounds of 0.53 μg/m3and 87.7 ppbv were calculated by averaging the data when the G-1 was transitioning 30 

between plume transects (i.e., traveling parallel to the wind and spatially removed from the plume) at 500 m. These values 

represent the lowest values measured at 500 m. The CO background of 83 ppbv is the average CO value at 1000 m when the 

G-1 was transitioning between plume transects.   
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Our general observations on the Δorg/ΔCO method are as follows: 

1) We see very little sensitivity to using different background org and CO concentrations when using the linear regression 

method if the regression is not forced through zero. In Figure S1, M1, M2, and M5 return largely the same Δorg/ΔCO values 

despite using different background values.  

2) For this data set, subtracting the background values was not necessary, provided the linear regression was not forced through 5 

zero. 

3) The choice of background values had the largest influence on Δorg/ΔCO when linear regressions were forced through zero 

and backgrounds were subtracted.  

4) When linear regressions were not forced through zero, the Y intercept was generally not representative of the background 

CO concentration.  10 

5) Calculations using the arithmetic mean (methods 3,4) were more sensitive than the linear regression method to choices of 

the background values.  

S2 PMF Analysis of AMS data 

Positive Matrix Factorization (PMF) analysis was performed on the high-resolution organic aerosol mass spectra and error 

matrix that were measured using the HR-ToF-AMS on the G-1. The PFM2 algorithm version 4.2 (Paatero, 1997;Paatero and 15 

Tapper, 1994) was used to analyze the matrix and results were visualized and evaluated using the PMF Evaluation Tool 

described by Ulbrich et al. (Ulbrich et al., 2009). In preparing the data, ions with a signal to noise (S/N) less than 0.75 were 

removed from the analysis and ions with S/N less than two were downweighted by a factor of two. In addition, ions whose 

signals are based on the CO2 signal (CO+, H2O+, HO+, O+) are also downweighted by a factor of two.  

PMF analysis of this data set was challenging, due the combination of low concentrations of organic aerosol, fast sampling 20 

required for aircraft operations, and the often small changes in aerosol concentrations across the flight domain. PMF analysis 

on a data from a single flight often (though not always) resulted in a failure to resolve factors that are described in the literature 

(e.g., HOA, IEPOX SOA); instead, we often observes split factors that are largely dominated by a single high S/N ion (CHO+, 

CO2
+, C2H3O+). Therefore, data from all flights during the wet season was combined into a single matrix and analyzed together.  

We chose a five factor solution to the combined matrix. However, three of the five factors co-varied closely in time and had 25 

mass spectral profiles that were dominated by a single ion (CHO+, C2H3O+, and CO2
+) so they were recombined into a single 

factor, which we label OOA. In separate experiments, we downweighted these three ion signals by factors of 2-10 in an attempt 

to minimize the splitting of the OOA factor, but were unsuccessful. The spectra of the resultant three factors (after re-

combining) are shown in Figure S2. We label factors based on comparison to similar literature spectra and on the basis of their 

correlation with other independently measured species. As shown in Figure 6 in the main text, the OOA factor correlates well 30 

with ozone, a known secondary species, while the HOA factor correlates well with CO, a known primary anthropogenic 

emission. These relationships have been described in previous literature studies and the mass spectra of our OOA and HOA 
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factors also compares well with literature spectra for OOA and HOA (Zhang et al., 2005;Zhang et al., 2011;Ng et al., 2010). 

We label the final factor as the IEPOX SOA factor that is widely reported in the literature and believed to represent SOA 

formed from the heterogeneous uptake of isoprene epoxydiols onto pre-existing aerosol (Hu et al., 2015;Robinson et al., 

2011;Lin et al., 2012).  Our assignment is based on comparison with the factor mass spectral profile with those in the literature 

(Hu et al., 2015).  5 

Our choice of the five factor solution were based on several considerations. First, solutions with fewer factors failed to separate 

the HOA and the IEPOX SOA factors, which are well described in the literature and were reasonably expected to be present 

in the data. Second, as previously mentioned, solutions with either three factors clearly showed evidence of factor splitting. 

The mass spectra of the split factors were dominated by three major ions (CHO+, CO2
+, C2H3O+) with little signal through the 

rest of the spectra. These factors are unlikely to represent some real aerosol component, as no known species produce such 10 

simple spectra. Furthermore, the individual split factors did not correlate as well with ozone measurement as well as the 

combined factors. The mathematical reason for the factor splitting is clear; aerosol loading is low, the AMS is sampling at a 

relatively fast rate (13 s averaging time), and the AMS spectra are dominated by a relatively small number of high S/N ions. 

Finally, various measurements of the residuals continue to significantly decrease in moving to higher number of factors. For 

example, Q/Qexp decreases from 0.31 to 0.24 and the fraction of the unexplained variance in aerosol mass decreases from 5% 15 

to 0.1% in moving from the one to the five factor solution. Q/Qexp only reaches the calculated minimum Q for the five factor 

solution.  
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Figure S1. Evaluation of Δorg/ΔCO as a function of Manaus plume age using several different methods. A total of 16 different 

methods were used to calculate Δorg/ΔCO, with a subset shown here. Note that no method shows a significant change in Δorg/ΔCO 

with plume age. The different methods for calculating Δorg/ΔCO are describe in the text.  5 
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Figure S2. PMF spectra for the three factors reported in the manuscript. The analysis used high resolution AMS data, but the signals 

are represented as sticks for clarity. Sticks are colored by the chemical composition of the ion; ions in the CxHy family are green and 

those in the CxHyOz family are pink. 


