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 17 
Figure S 1: Historical average July temperature data from the Pellston Regional Airport, where the yellow circle represents the July 18 
2016 PROPHET-AMOS study period. 19 

 20 
Figure S 2: (left) Wind rose (direction and speed) plot for July 2016 from the top of the PROPHET tower using weather station 21 
measurements from the University of Houston, (right) diurnal variation of wind direction from the top of the PROPHET tower, where 22 
squares represent medians and whiskers represent one standard deviation from the mean value. 23 

  24 
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Table S 1: Table of measurements on board the University of Houston/Rice University Mobile Air Quality Laboratory (MAQL).  The 25 
MAQL was situated approximately 10 m to the east of the PROPHET tower.     26 

Species Instrumentation Institution 
Sampling 

height 
(m) 

Time resolution / Limit of 
detection 

Non-refractory PM1 
size resolved 
composition 

Aerodyne HR-ToF-AMS Rice University 6, 30 a 30-40 sec (see main text) / 
Varies (see Table S3) 

     

Ozone (O3) 
Thermo Electron Corp. 49C 
O3 Analyzer (ultraviolet 
photometry) 

University of 
Houston 6 5 min. / 1.2 ppbv 

     

Carbon monoxide 
(CO) 

Los Gatos Research (high-
resolution cavity enhanced 
direct-absorption 
spectroscopy) 

University of 
Houston 6 5 min. / 4 ppbv 

     

Sulfur dioxide (SO2) 
Thermo Fisher Scientific 
(pulsed fluorescence 
analyzer)  

University of 
Houston 6 5 min. / 0.033 ppbv 

     

Nitric oxides (NO, 
NO2, NOx), NOy 

Air Quality Design NO-
NO2-NOx analyzers (high 
sensitivity 
chemiluminescence) 

University of 
Houston 6 

NO: 5 min. / 0.007 ppbv 
NO2: 5 min. / 0.029 ppbv 
NOy: 5 min. / 0.053 ppbv 

     
Temp, RH, pressure, 
wind speed/direction  

RM Young meteorological 
station 

University of 
Houston 6 5 min. / N/A 

a Sampling inlet height on the PROPHET tower.  27 
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 28 

   29 
Figure S 3: Images taken during the PROPHET-AMOS 2016 campaign of the following: (left) PROPHET tower above the canopy 30 
from atop the AmeriFlux tower facing south-southwest and (right) University of Houston/Rice University MAQL situated below the 31 
canopy. 32 

  33 
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Table S 3: Table of detection limits for NR-PM1 species during the PROPHET-AMOS 2016 campaign. 37 

Species Detection limit a (μg m-3) 
SO4 0.0106 

  
OA 0.1573 

  
NO3 0.0073 

  
NH4 0.0068 

  
Chl 0.0064 

  
a Detection limits of different NR-PM1 species are calculated based on 3 times the standard deviation of mass concentrations of 38 
5-minute averaged data during periods of HEPA-filtered air.39 
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Positive matrix factorization analysis for above- and below-canopy OA 40 
Factorization of HR-ToF-AMS data follows the matrix form:   41 

𝑋 = 𝐺𝐹 + 𝐸            (1) 42 

where 𝑋 is a 𝑚× 𝑛 matrix in which rows are the measured mass spectra at each time interval and columns are the time-varying 43 
signals of each sampled mass-to-charge ratio (m/z).  𝐺 is a 𝑚× 𝑝 matrix in which rows are the concentration time series for a 44 
given factor, and the number of factors (columns) in the solution is represented by 𝑝.  𝐹 is a 𝑝 × 𝑛 matrix in which 𝑝 rows are the 45 
mass spectral profiles for a given factor.  Finally, 𝐸 is a 𝑚× 𝑛 matrix and contains the residuals not fit by the model at each time 46 
interval and sampled m/z.  Using a least-squares algorithm, the values of 𝐺 and 𝐹 are determined by minimizing 𝐸 using a 47 
quality of fit parameter (𝑄) defined as the squared sum of the scaled residuals:  48 

𝑄 =	∑ 	!
"#$ ∑ .%!"

&!"
/
'

(
)#$ 	           (2) 49 

where 𝜎") is the estimated standard deviation of the points in the data matrix, 𝑋, and 𝑒") is an element in in the model residual 50 
matrix, 𝐸.  Scaling in 𝑄 is calculated using reduced weights towards outliers, thus allowing for weighting of the input data by 51 
their level of measurement certainty (standard deviations in the data matrix, 𝑋) (Paatero and Tapper, 1994; Ulbrich et al., 2009).  52 
The number of factors is generally unknown a priori and is determined based on the interpretation of PMF results.  The selection 53 
of the number of factors can be aided using mathematical metrics, including 𝑄/𝑄%*+ , where 𝑄%*+  represents the degrees of 54 
freedom in the dataset (𝑄%*+ = 𝑚𝑛 − 𝑝(𝑚 + 𝑛)).  As values of 𝑄/𝑄%*+ approach 1, the appropriate number of modeled factors 55 
is determined.   56 

In this study, PMF is applied separately to the above- and below- canopy HR-ToF-AMS OA high-resolution mass spectra 57 
between m/z 12 and m/z 115 using the generic 64-bit PMF2 v4.2 algorithm running in robust mode with a model error set to zero 58 
(Paatero, 1997; Paatero and Tapper, 1994; Ulbrich et al., 2009).  The default PMF2 convergence criteria were used.  The PMF 59 
Evaluation Tool v2.08 (PET) in Igor Pro v6.37 was used to treat the OA mass spectra error matrix, evaluate PMF output, and 60 
examine model statistics (Ulbrich et al., 2009).  Organic isotopes were excluded from PMF analysis because isotope signals are 61 
scaled from their parent ions rather than being measured directly.  A minimum error threshold was applied to the error matrix 62 
where any error values falling below this threshold are replaced.  Variables (time series of m/z values) with a signal-to-noise 63 
ratio (SNR) less than 0.2 were removed, and variables with a SNR less than 2 were downweighted by a factor of 2.  The error 64 
values for fragments such as O+, HO+, H2O+, and CO2+ were also downweighted to avoid providing additional weight to the 65 
strong signal attributed to m/z 44 in the default fragmentation table.  To decrease the weight of each of these fragments, the error 66 
values for each of these fragment ions are all multiplied by a factor of 2 to appropriately downweight the m/z values related to 67 
m/z 44.  Additionally, the error of the CHO+ fragment was downweighted by multiplying the error value for this fragment by a 68 
factor of 4.  Downweighting of CHO+ was performed because m/z 29 is a combination of signals from the CHO+ ion (m/z 69 
29.0027) and a N2 isotope ion (j15NN, m/z 29.0032).  The close proximity of the CHO+ and j15NN fragments (< 0.001) using 70 
PIKA v1.16 likely causes the CHO+ error to be underestimated (Xu et al., 2015b). 71 

The optimal PMF solution for the OA data was determined by examining the following: (1) time series and mass spectra 72 
model residuals, (2) interpretability of factor diurnal variability, (3) correlations between factor time series and time series of 73 
external data, individual values, or tracers, (4) factor mass spectral characteristics, and (5) reductions in 𝑄/𝑄%*+.  The rotational 74 
ambiguity for each solution was explored by running PMF under a number of different FPEAK values, ranging from -1.0 to 1.0 75 
in increments of 0.2.  A change to the FPEAK parameter explores the different linear transformations (also referred to as 76 
“rotations”) of a given solution that result in identical fits to the data (Ulbrich et al., 2009).  The robustness of each solution was 77 
evaluated by initializing the PMF model for a number of different starting points (or SEED values), ranging from 0 to 50 in 78 
increments of 1.  In addition to the FPEAK and SEED analysis performed on the optimal PMF solution, the quantitative 79 
uncertainty of the solution is performed on the original m/z and time series data using bootstrapping analysis, where 100 PMF 80 
model runs are executed with replacement of the mass spectra.  Variations (1σ) of the average factor mass spectra at each m/z 81 
and average factor time series are used to assess the robustness of the optimal PMF solution (Ulbrich et al., 2009). 82 

In the following sections, selection of the optimal number of PMF factors, SEED values, and FPEAK values will be 83 
discussed. This will be done first for the above-canopy OA data and second for the below-canopy OA data.  Next, the factors for 84 
above-canopy and below-canopy OA data will be briefly described and interpreted.   85 
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Above-canopy PMF solution 86 

Table S 4 summarizes the PMF factor selection for the above-canopy OA data.  Table S 5 and Table S 6 present 87 
correlation coefficients between different PMF factor solutions and time series of external data and reference mass spectra, 88 
respectively.  Correlation coefficients presented here represent Pearson correlation coefficients and will be hereafter referred to 89 
as correlation coefficients or R. 90 

A one-factor PMF solution results in an oxygenated OA (OOA).  However, time series of model residuals indicate large 91 
residuals not fit by the model (as shown in the top-left panel of Figure S 4).  Factor time series and mass spectra are shown for 92 
the two-factor, three-factor, four-factor, and five-factor solution in Figure S 5, Figure S 6, Figure S 7, and Figure S 8, 93 
respectively.  94 

A two-factor PMF solution (Figure S 5) results in a more-oxidized oxygenated organic aerosol (MO-OOA) and a less 95 
oxidized oxygenated organic aerosol (LO-OOA), each of which has a distinct time series.  The two-factor solution introduces a 96 
decrease in Q/Qexp (Table S 4) and a reduction in the structure of the time series of model residuals compared to the one-factor 97 
solution (Figure S 4).  As shown in Table S 5, the MO-OOA-related factor correlates with time series of AVOCs (i.e., toluene, 98 
benzenes, and C2-benzenes) (R > 0.40), SO4 (R = 0.72), NH4 (R = 0.77), and NO3 (R = 0.73) while the LO-OOA correlates most 99 
strongly with the fC5H6O AMS tracer (R = 0.63) for isoprene-epoxydiol derived SOA (IEPOX-OA).  100 

Increasing the number of the factors to three (Figure S 6) yields one MO-OOA and two LO-OOA factors with distinct 101 
factor time series.  The addition of a third factor increases correlations between factors and time series of external data compared 102 
to the previous solution (trace gases and NR-PM1 (Table S 5) and reference mass spectra (Table S 6).  Specifically, this solution 103 
yields an LO-OOA (Factor 2) with moderate correlations with unidentified terpene oxidation products listed in Table S 7 (R > 104 
0.4, as shown in Table S 8).  The three-factor solution introduces a decrease in Q/Qexp and a further reduction in the structure of 105 
the time series of model residuals (Figure S 4). 106 

A four-factor solution (Figure S 7) yields an additional factor that is less interpretable and less physically meaningful 107 
due to the noise of the time series of the additional factor (i.e., Factor 4 in the four-factor solution).  No increases in correlation 108 
coefficients with external data are observed with the addition of this factor.  The reduction in Q/Qexp with the addition of this 109 
factor is not as large as the previous solution (-0.09 for previous solution versus -0.05 for this solution).  Inspection of the model 110 
residuals of the four-factor solution indicates that the additional factor does not substantially decrease the structure of the 111 
residuals (Figure S 4). 112 

A five-factor solution (Figure S 8) yields two MO-OOA factors and three LO-OOA factors (Factor 2/LO-OOA has a 113 
distinct peak at m/z 82).  However, the time series of the additional factor (Factor 5) is not physically meaningful and/or 114 
interpretable due to noise.  Insufficient supporting evidence from correlations with external data and reference mass spectra 115 
precludes the addition of Factor 5 and Factor 2 (LO-OOA factor with a distinct peak at m/z 82).   116 

For the four-factor solution, the similarity of the mass spectra of Factor 3 and Factor 4 (R = 0.99), the similarity of the 117 
mass spectra of Factor 1 and Factor 3 (R = 0.96) (as shown in Figure S 9), and the lack of physical meaning regarding the time 118 
series of Factor 4 indicate that the addition of a new factor exhibits factor splitting.  Factor splitting behavior occurs when mass 119 
spectra or time series from a real factor are split into two new factors; this has been observed in previous PMF studies when 120 
additional factors are added (Ulbrich et al., 2009).  Correlation of mass spectra within the five-factor solution also indicates 121 
similarity between Factor 1, 3, 4, and 5 (clustering of points at the bottom right-hand side of Figure S 9, which is indicative of 122 
factor splitting.  No strong change in the slope of Q/Qexp is observed between the four- and five-factor solutions.  Further 123 
increasing the number of factors between 6 and 8 does not result in significant reductions in Q/Qexp and produces additional 124 
meaningless factors.  Taken together, this information indicates that the three-factor solution is the optimal solution for this 125 
dataset. 126 

The effects of the pseudorandom starting values for the PMF2 algorithm is analyzed by initializing the PMF model at 127 
50 different starting points (SEEDS) in increments of 1 for the three-factor solution.  As shown in Figure S 10, this analysis 128 
indicates that values of Q/Qexp and the mass fraction of the factors do not change across SEEDS, which is indicative of a stable 129 
solution (top right and middle panels of Figure S 10 respectively).  The rotational ambiguity of the mass spectra is analyzed by 130 
changing the FPEAK parameter between -1.0 and 1.0 in increments of 0.2 for the three-factor solution (Figure S 10).  Table S 9 131 
displays the FPEAK analysis results where correlations to reference mass spectra are shown at different FPEAK values.  No 132 
significant or consistent increase in correlation is observed when compared to the solution at FPEAK = 0 (Table S 6).  133 
Furthermore, an inspection of the model residuals at each time step and m/z indicates that no improvements in model residuals 134 
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are observed across different FPEAK values.  Therefore, the FPEAK analysis indicates that FPEAK = 0 is the most appropriate 135 
solution.  Based on this information, the three-factor solution (FPEAK = 0 and SEED = 0) is the optimal solution for the above-136 
canopy OA dataset.  Model residual diagnostic plots for each m/z and time step for the optimal three-factor solution (FPEAK = 137 
0, SEED = 0) along with a comparison of the measured and reconstructed OA mass are shown in Figure S 11. 138 

Results from 100 bootstrapping runs of the three-factor solution at SEED = 0 and FPEAK = 0 are shown in Figure S 12.  139 
Bootstrapping analysis indicates that the statistical uncertainties of the time series and mass spectra of all factors are small in 140 
comparison to the time series and mass spectra signals.  This type of bootstrapping analysis allows us to conclude that the three-141 
factor solution results are robust over 100 bootstrapping runs.  The high-resolution mass spectra, time series of factor mass 142 
concentrations, and time series of fractional contributions of OA factors to total OA for the optimal above-canopy OA solution is 143 
shown in Figure S 13. 144 
  145 
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Table S 4: Summary of PMF factor selection for above-canopy OA. 146 

# Factors FPEAK SEED Q/Qexpected ΔQ/Qexpected
1 Solution Description 

1 0 0 4.41966 N/A One-factor solution. 
2 0 0 4.25992 -0.15974 Two-factor solution. 

3 0 0 to 50 in 
steps of 1 

4.16830-
4.16831 --- 

Varying the three-factor 
solution at different 
starting points (seeds) 
indicates that the 
solution is stable, with 
similar factor mass 
spectra and time series. 

3 -1.0 to 1.0 in 
increments of 0.2 0 4.16831-

4.17102 --- 

Each factor of the three-
factor solution display 
distinct time series and 
mass spectra. 

3 0 0 4.16831 -0.09161 

Optimal three-factor 
solution yields factors 
with distinct time series, 
and correlations with 
external time series and 
mass spectra data. 

4 0 0 4.11803 -0.05028 Four-factor solution. 
5 0 0 4.07985 -0.03818 Five-factor solution. 

6 to 8 0 0 
4.05134 

to 
4.00136 

-0.02851 
to 

-0.02389 

For solutions greater 
than five-factor 
solutions, additional 
physically meaningless 
factors are extracted. 

 147 

  148 
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S 5: Summary of different PMF factor solutions for above-canopy OA data and time series correlations with external data.  Table 149 
entries shaded in gray represent correlation coefficients that are greater than or equal to 0.40. 150 

 Two-factor Three-factor Four-factor Five-factor 
VOCs a, R Time Series 

Factor # 1 2 1 2 3 1 2 3 4 1 2 3 4 5 
               
Acetaldehyde 0.40 0.35 0.45 0.02 0.44 0.44 0.43 0.17 0.27 0.19 0.39 0.55 0.23 0.24 
Acetonitrile  0.46 0.04 0.54 -0.20 0.24 0.53 0.23 -0.07 0.15 0.25 0.18 0.57 -0.04 0.13 
Acetone  0.57 0.11 0.60 0.01 0.22 0.59 0.20 0.08 0.22 0.25 0.15 0.68 0.12 0.18 
Benzene  0.67 0.01 0.67 0.07 0.11 0.67 0.11 0.11 0.13 0.47 0.06 0.65 0.05 0.11 
C2-benzenes 0.42 0.09 0.34 0.37 -0.00 0.34 0.00 0.30 0.1 0.32 -0.02 0.30 0.21 0.11 
C3-benzenes 0.37 0.16 0.30 0.38 0.05 0.30 0.06 0.33 0.12 0.27 0.04 0.28 0.26 0.13 
C4-benzenes 0.32 0.00 0.22 0.38 -0.13 0.22 -0.12 0.26 0.05 0.25 -0.14 0.18 0.16 0.05 
C5-carbonyls 0.70 0.00 0.74 -0.03 0.16 0.73 0.14 0.04 0.15 0.44 0.09 0.75 0.02 0.13 
C4-carbonyls 0.71 -0.07 0.73 -0.05 0.09 0.73 0.08 0.01 0.10 0.48 0.03 0.72 -0.04 0.09 
C6-carbonyls 0.48 0.26 0.52 0.05 0.35 0.51 0.34 0.16 0.24 0.27 0.3 0.58 0.19 0.21 
Isoprene 0.03 0.26 0.06 0.00 0.28 0.06 0.27 0.09 0.16 -0.07 0.25 0.15 0.17 0.14 
Methanol 0.47 0.15 0.51 -0.03 0.27 0.50 0.25 0.06 0.21 0.21 0.21 0.58 0.11 0.18 
Methylfuran 0.22 0.37 0.22 0.19 0.35 0.22 0.35 0.25 0.25 0.10 0.32 0.30 0.29 0.24 
Monoterpenes 0.11 0.18 0.05 0.35 0.04 0.04 0.04 0.28 0.11 0.03 0.03 0.08 0.27 0.10 
MVK+MACR 0.20 0.32 0.20 0.17 0.30 0.20 0.30 0.23 0.20 0.11 0.28 0.25 0.26 0.19 
Toluene 0.43 0.11 0.37 0.31 0.05 0.37 0.04 0.26 0.13 0.3 0.02 0.36 0.2 0.12 
Aromatics 0.46 0.07 0.38 0.34 -0.00 0.38 0.00 0.28 0.11 0.34 -0.03 0.35 0.19 0.11 

Trace Gases, R Time Series 
Factor # 1 2 1 2 3 1 2 3 4 1 2 3 4 5 

NO2
 b 0.33 -0.08 0.27 0.2 -0.12 0.28 -0.1 0.16 -0.04 0.32 -0.11 0.19 0.04 -0.03 

NO b 0.06 0.02 0.01 0.19 -0.07 0.01 -0.06 0.14 -0.01 0.11 -0.04 -0.04 0.07 0.00 
O3

 c 0.60 -0.43 0.64 -0.22 -0.20 0.63 -0.22 -0.25 -0.04 0.38 -0.27 0.59 -0.31 -0.06 
NR-PM1, R Time Series 

Factor # 1 2 1 2 3 1 2 3 4 1 2 3 4 5 
fC5H6O -

0.51 0.63 -0.48 0.02 0.58 -0.47 0.60 0.22 0.14 -0.35 0.64 -0.39 0.34 0.15 

SO4 0.72 -0.13 0.79 -0.25 0.15 0.79 0.16 -0.08 0.014 0.62 0.12 0.72 -0.16 0.01 
NH4 0.77 -0.18 0.84 -0.22 0.09 0.84 0.10 -0.08 0.01 0.63 0.05 0.77 -0.17 0.00 
NO3 0.73 -0.08 0.72 0.11 0.02 0.72 0.02 0.14 0.07 0.55 -0.04 0.68 0.05 0.06 
Chl 0.28 -0.05 0.29 0.00 0.00 0.28 0.00 0.01 0.04 0.18 -0.02 0.28 -0.00 0.03 
a VOCs measured using University of Minnesota’s PTR- QiTOF from the 34-m inlet at the top of the PROPHET tower.  151 
b NOx measured from NCAR instruments from the 34-m inlet at the top of the PROPHET tower.  152 
c O3 measured from the University of Colorado Boulder instruments from the 27-m inlet at the AmeriFlux tower. 153 
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Table S 6: Summary of PMF factor solutions for above-canopy OA data and correlation coefficients with reference mass spectra 1 
from the unit-mass resolution and high-resolution AMS spectral database from the Jimenez Group at University of Colorado 2 
Boulder, where table entries shaded in gray correlation coefficients that are greater than or equal to 0.80.  PMF solutions with 3 
SEED = 0 and FPEAK = 0 are shown.  Further details on the mass spectral database can be found in the literature (Ulbrich et al., 4 
2009), and at the following URL: http://cires.colorado.edu/jimenez-group/HRAMSsd/.  5 

 2-factor 3-factor 4-factor 5-factor 
Reference Mass Spectra, R Mass Spectra 

 1 2 1 2 3 1 2 3 4 1 2 3 4 5 
MO-OOAa 0.86 0.81 0.85 0.84 0.79 0.84 0.65 0.84 0.84 0.85 0.51 0.83 0.83 0.84 
LO-OOAa 0.68 0.86 0.62 0.82 0.86 0.61 0.82 0.82 0.80 0.72 0.73 0.58 0.84 0.82 

BBOAa 0.59 0.82 0.53 0.75 0.84 0.51 0.88 0.75 0.70 0.69 0.84 0.46 0.75 0.72 
HOAa 0.34 0.52 0.29 0.48 0.53 0.27 0.53 0.48 0.47 0.38 0.49 0.25 0.50 0.49 

IEPOX-OAb 0.74 0.88 0.70 0.84 0.88 0.68 0.85 0.84 0.81 0.80 0.77 0.64 0.84 0.82 
IEPOX-OAc 0.73 0.92 0.69 0.85 0.95 0.68 0.98 0.85 0.81 0.80 0.90 0.64 0.85 0.82 

82Facd 0.67 0.55 0.53 0.63 0.68 0.52 0.72 0.63 0.62 0.55 0.68 0.52 0.65 0.63 
91Facd 0.84 0.70 0.65 0.81 0.84 0.64 0.80 0.81 0.80 0.74 0.72 0.61 0.82 0.81 

a Average MS from multiple ambient data sets (Ng et al., 2011). 6 
b Atlanta, GA in Summer 2011, Source: (Budisulistiorini et al., 2013). 7 
c Southern Oxidant and Aerosol Study (SOAS) in Centreville, AL in Summer 2013 (Hu et al., 2015). 8 
d Malaysian Borneo rainforest in 2008 (Robinson et al., 2011a). 9 
 10 

11 

 12 

Figure S 4: Q/Qexp (i.e., Σ(Resid2/σ2)/Qexp)) contribution for each time step for different number of factors (where P = # of factors) 13 
for above-canopy OA data.  Each plot compares Q/Qexp at each time step between the following factors for: (top left) one- and two-14 
factor solutions, (top right) two-and three-factor solutions, (bottom left) three- and four-factor solutions, and (bottom right) four- 15 
and five-factor solutions.  It should be noted that the range of the y-axis changes between each set of plots.  16 
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 1 

Figure S 5: (left) Mass spectra and (right) time series for the two-factor solution for above-canopy OA data, where Factor 2 and 2 
Factor 1 are shown from top to bottom, respectively. 3 

 4 
Figure S 6: (left) Mass spectra and (right) time series for the three-factor solution for above-canopy OA data, where Factor 3, 5 
Factor 2, and Factor 1 are shown from top to bottom, respectively. 6 

 7 

Figure S 7: (left) Mass spectra and (right) time series for the four-factor solution for above-canopy OA data, where Factors 4 8 
through 1 are shown from top to bottom, respectively. 9 

 10 
Figure S 8: (left) Mass spectra and (right) time series for the five-factor solution for above-canopy OA data, where Factors 5 11 
through 1 are shown from top to bottom, respectively. 12 
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Table S 7: Summary of the VOCs measured by University of Minnesota’s PTR-QiTOF from the 34-m inlet at the top of the 1 
PROPHET tower.  The relative variability of these measured species is used for PMF analysis.  2 

Mass Ion Formula Exact Mass Additional Notes 
47.011 CH3O2

+ 47.01276 Formic acid 
47.0478 C2H7O+ 47.04914 Ethanol 
57.034 C3H5O+ 57.03349 Acrolein 
61.029 C2H5O2

+ 61.02841 Acetic acid/glycoaldehyde 
73.02691 C3H5O2

+ 73.02841 Methylglyoxal/acrylic acid 
75.0446 C3H7O2

+ 75.04406 Hydroxyacetone/propanoic acid 
113.05511 C6H9O2

+ 113.0594 Likely terpene oxidation product 
115.07355 C6H11O2

+ 115.0754 Likely terpene oxidation product 
127.07339 C7H11O2

+ 127.0754 Likely terpene oxidation product 
127.10961 C8H15O+ 127.1117 Likely terpene oxidation product 
129.08796 C7H13O2

+ 129.091 Likely terpene oxidation product 
139.11197 C9H15O+ 139.1117 Likely terpene oxidation product 
151.11044 C10H15O+ 151.1117 Likely terpene oxidation product 
169.12196 C10H17O2

+ 169.223 Likely terpene oxidation product 
205.1956 C15H25

+ 205.1951 Sesquiterpenes 
237.18584 C15H25O2

+ 237.1849 Likely sesquiterpene oxidation product 
253.1774 C15H25O3

+ 253.1798 Likely sesquiterpene oxidation product 
  3 
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Table S 8: Summary of correlation coefficients between different PMF factor solutions for above-canopy OA data and VOC 1 
masses measured by University of Minnesota’s PTR-QiTOF.  Table entries shaded in gray represent correlation coefficients that 2 
are greater than or equal to 0.40.  PMF solutions with SEED = 0 and FPEAK = 0 are shown.  3 

 Two-factor Three-factor Four-factor Five-factor 
VOCs Masses from PTR-QiTOF, R Time Series 

Factor # 1 2 1 2 3 1 2 3 4 1 2 3 4 5 
               

47.011 0.32 0.30 0.38 -0.03 0.40 0.37 0.39 0.12 0.22 0.14 0.35 0.47 0.19 0.19 
47.0478 0.32 0.05 0.33 0.02 0.11 0.32 0.10 0.07 0.08 0.19 0.08 0.34 0.06 0.08 
57.034 0.45 0.17 0.48 0.00 0.27 0.48 0.27 0.11 0.16 0.26 0.23 0.53 0.13 0.14 
61.029 0.41 0.27 0.48 -0.08 0.41 0.47 0.40 0.08 0.24 0.21 0.36 0.56 0.14 0.21 

73.02691 0.44 0.27 0.48 0.01 0.37 0.47 0.36 0.14 0.24 0.25 0.32 0.55 0.17 0.21 
75.0446 0.64 -0.00 0.66 0.03 0.11 0.66 0.11 0.09 0.09 0.47 0.07 0.63 0.03 0.07 

113.05511 0.28 0.41 0.34 0.01 0.50 0.33 0.49 0.18 0.28 0.09 0.45 0.46 0.26 0.25 
115.07355 0.60 0.10 0.63 0.01 0.22 0.62 0.22 0.10 0.17 0.38 0.17 0.65 0.09 0.15 
127.07339 0.37 0.30 0.37 0.20 0.29 0.36 0.29 0.27 0.21 0.21 0.26 0.43 0.28 0.19 
127.10961 0.31 0.15 0.31 0.13 0.16 0.30 0.16 0.16 0.13 0.18 0.13 0.34 0.16 0.11 
129.08796 0.55 0.16 0.54 0.19 0.19 0.53 0.19 0.23 0.18 0.34 0.14 0.57 0.20 0.16 
139.11197 0.14 0.42 0.07 0.46 0.25 0.07 0.25 0.44 0.21 0.06 0.24 0.13 0.44 0.21 
151.11044 0.33 0.13 0.24 0.42 0.00 0.24 0.00 0.32 0.12 0.24 -0.02 0.23 0.26 0.12 
169.12196 0.28 0.25 0.20 0.45 0.10 0.20 0.10 0.38 0.16 0.19 0.09 0.22 0.34 0.15 
205.1956 0.15 0.12 0.10 0.28 0.01 0.10 0.01 0.22 0.08 0.09 0.00 0.11 0.19 0.08 
237.18584 0.27 0.04 0.23 0.18 0.00 0.23 0.00 0.14 0.07 0.18 -0.01 0.23 0.10 0.06 
253.1774 0.11 0.05 0.10 0.06 0.04 0.10 0.05 0.07 0.04 0.07 0.04 0.11 0.06 0.03 

  4 



16 
 

 1 

 2 

Figure S 9: Factor correlation plots based on factor time series (R, tseries) and factor mass spectra (“R, profiles”) of above-canopy 3 
OA data for the following: (top left) two-factor solution, (top right) three-factor solution, (bottom left) four-factor solution, 4 
(bottom right) five-factor solution.  Correlation coefficients are shown with black circles, and are labeled in red as Ri_j, where i 5 
and j represent the factor numbers i and j within a given PMF solution.  6 

  7 
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 3 

Figure S 10: Q/Qexp, SEED, and FPEAK related diagnostics plots for three-factor solution resolved for above-canopy OA data: 4 
(top left) Q/Qexp vs. number of factors, (top right) Q/Qexp vs. seed ranging from 1 to 50 in increments of 1, (middle) mass fraction of 5 
PMF factors vs. SEED, (bottom left) Q/Qexp vs. FPEAK ranging from -1.0 to 0.0 in increments of 0.2, and (bottom right) mass 6 
fraction of PMF factors vs. FPEAK.  The orange circle denotes the chosen PMF solution (SEED = 0, FPEAK = 0).  Values of 7 
Q/Qexp are not shown for solutions with FPEAK > 0.0 because solutions with FPEAK > 0.0 did not converge. 8 
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Table S 9: Summary of correlation coefficients of the three-factor PMF solution for above-canopy OA data with reference mass 1 
spectra using FPEAK analysis, where FPEAK ranges from -1.0 to -0.2 in increments of 0.2.  PMF solutions with FPEAK values > 2 
0.0 did not achieve convergence and are not shown.  Reference mass spectra from the unit-mass resolution and high-resolution 3 
AMS spectral database are used for comparison to the above-canopy PMF factor solutions at different FPEAK values (Ulbrich et 4 
al., 2009). 5 

FPEAK -1.0 -0.8 -0.6 
 1 2 3 1 2 3 1 2 3 

MO-OOAa 0.85 0.84 0.80 0.85 0.84 0.80 0.85 0.84 0.79 
LO-OOAa 0.66 0.82 0.86 0.65 0.82 0.86 0.65 0.82 0.86 

BBOAa 0.57 0.75 0.82 0.56 0.75 0.83 0.56 0.75 0.83 
HOAa 0.32 0.48 0.52 0.31 0.48 0.52 0.31 0.48 0.52 

IEPOX-OAb 0.73 0.84 0.88 0.72 0.84 0.88 0.72 0.84 0.88 
IEPOX-OAc 0.72 0.85 0.94 0.71 0.85 0.94 0.71 0.85 0.94 

82Facd 0.54 0.63 0.67 0.54 0.63 0.67 0.54 0.63 0.67 
91Facd 0.68 0.81 0.84 0.68 0.81 0.84 0.67 0.81 0.84 

 6 
FPEAK -0.4 -0.2 

 1 2 3 1 2 3 
MO-OOAa 0.85 0.84 0.79 0.85 0.84 0.79 
LO-OOAa 0.64 0.82 0.86 0.63 0.82 0.86 

BBOAa 0.55 0.75 0.83 0.54 0.75 0.83 
HOAa 0.30 0.48 0.53 0.29 0.48 0.53 

IEPOX-OAb 0.71 0.84 0.88 0.70 0.84 0.88 
IEPOX-OAc 0.70 0.85 0.94 0.70 0.85 0.95 

82Facd 0.53 0.63 0.68 0.53 0.63 0.68 
91Facd 0.67 0.81 0.84 0.66 0.81 0.84 

a Average MS from multiple ambient data sets (Ng et al., 2011). 7 
b Atlanta, GA in Summer 2011, Source: (Budisulistiorini et al., 2013). 8 
c Southern Oxidant and Aerosol Study (SOAS) in Centreville, AL in Summer 2013 (Hu et al., 2015). 9 
d Malaysian Borneo rainforest in 2008 (Robinson et al., 2011a). 10 
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 1 

Figure S 11: Model residual diagnostic plots for the three-factor solution resolved for above-canopy OA data, from top to bottom, 2 
respectively: box and whisker plot of the scaled residuals for each m/z where boxes represent +/- 25% of points, Q/Qexp 3 
contribution for each m/z, Q/Qexp contribution for each time step, residuals (=measured – reconstructed) of the least-squares-fit 4 
for each time step, time series of the measured and reconstructed organic mass.  An AMS power supply and pump failure event 5 
occurred on 7/19 leading to an instrument breakdown.  The subsequent pumping down effect of the AMS and instrumental issues 6 
(i.e., mass spectrometer tuning) leads to increases in PMF model residuals between 7/22 and 7/31, as shown in the Q/Qexp 7 
contribution for each time step panel.  The effects from AMS power supply failures on increases in PMF model residuals has been 8 
observed in other studies (Crippa et al., 2013; Mohr et al., 2012). 9 

  10 
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 7 

Figure S 12: Average mass spectra and time series of above-canopy OA for 100 bootstrapping runs for the three-factor solution 8 
from top to bottom, respectively: Factor 1 (MO-OOA), Factor 2 (91Fac), and Factor 3 (IEPOX-OA), where averages are shown in 9 
black and one standard deviation from the mean is shown in red.  10 
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Figure S 13: (top) High-resolution mass spectra, (middle) time series of OA factor mass concentrations, and (bottom) time series of 4 
fractional contributions of OA factors to total OA for the optimal three-factor solution resolved for above-canopy OA during the 5 
PROPHET-AMOS campaign.  High-resolution mass spectra are colored by their ion families, as shown in the legend of the top 6 
panel.    7 
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Below-canopy PMF solution 1 

Table S 10 summarizes the PMF factor selection for the below-canopy OA data.  Table S 11 presents time series 2 
correlations with external data for different PMF factor solutions.  Table S 12 presents factor mass spectra correlations with 3 
reference mass spectra for different PMF solutions.   4 

A one-factor solution results in an OOA. However, inspection of the time series of the measured and reconstructed 5 
OA mass and the time series of total residuals indicates periods where the model does not properly fit the temporal variation 6 
of OA. Factor time series and mass spectra are shown for the two-factor, three-factor, four-factor, and five-factor solution in 7 
Figure S 14, Figure S 15, Figure S 16, and Figure S 17, respectively.   8 

A two-factor solution (Figure S 14) reduces Q/Qexp from the one-factor solution by approximately 0.143 (4% 9 
decrease) (as shown in Q/Qexp values in Table S 10.  This solution yields two factors (MO-OOA and LO-OOA) with 10 
distinct time series.  Similar to the above-canopy PMF solution, the MO-OOA factor correlates with AVOCs (i.e., benzene, 11 
C3-benzenes, C4-benzenes, and toluene; R > 0.4), SO4 (R > 0.72), and NH4 (R > 0.76), while the LO-OOA correlates most 12 
strongly (R = 0.56) with the fC5H6O AMS tracer. 13 

Increasing the number of factors to three (Figure S 15) yields one MO-OOA and two LO-OOAs with distinct and 14 
time series.  This solution reduces Q/Qexp by approximately 0.07 (2% decrease from the two-factor solution).  Similar to the 15 
above-canopy PMF three-factor solution, the addition of this new factor (Factor 3/LO-OOA) introduces moderate 16 
correlations (R > 0.4) with multiple unidentified terpene oxidation products.  Unidentified VOCs are described in Table S 7, 17 
and the below-canopy time series correlations with these VOCs are shown in Table S 13.  18 

Further increasing the number of factors to four (Figure S 16) yields one MO-OOA and three LO-OOAs.  However, 19 
the noise in the time series of the additional factor (LO-OOA/Factor 4) indicates that this factor is not physically meaningful.  20 
For the five-factor solution (Figure S 17), one MO-OOA, three LO-OOAs, and an unidentified factor with mass spectra 21 
similar to IEPOX-OA (R = 0.93) and a distinct peak at m/z 82 are resolved.  Correlations amongst the mass spectra of the 22 
additional factor (Factor 5) indicate strong correlations between Factor 5 and Factors 1-4 (R > 0.9), as shown in Figure S 18.  23 
Meanwhile, correlations of the mass spectra between factors 1-4 are weakened.  Taken together, these factor correlation 24 
trends indicate evidence of factor splitting.  The five-factor solution also yields an unrealistic factor (Factor 2/MO-OOA) 25 
with signal dominated by m/z 29 and m/z 44 (> 45% of the factor mass spectra).  Furthermore, the additional factors 26 
encountered in the four- and five-factor solutions cannot be justified based on correlations with any separate and external 27 
data.  PMF solutions with numbers of factors greater than five yield additional factors that are not physically meaningful.   28 
Additionally, as shown in Figure S 18 in a four-factor solution, the correlation of the time series and mass spectra between 29 
factors indicates that the mass spectra of Factor 4 is similar to Factors 1-3 (R = 0.8 – 1.0).  Specifically, the correlation of 30 
Factor 3 and Factor 4 mass spectra is R = 0.99.  This is evidence of factor splitting.  A weakening of time series correlations 31 
between factors and unidentified terpene oxidation products is also observed (Table S 13).  Therefore, the three-factor 32 
solution is the optimal solution that is chosen for the below-canopy OA data.   33 

Figure S 19 displays the diagnostic plots for the three-factor solution by varying FPEAK and SEED.  To investigate 34 
the effects of local minima on the three-factor solution, the PMF model was initialized at 50 different SEEDS in increments 35 
of 1.  Figure S 19 indicates that values for Q/Qexp (top right panel) and the mass fraction of the factors (middle panel) do not 36 
change across SEEDS.  The rotational ambiguity of the mass spectra is analyzed by changing the FPEAK parameter between 37 
-1.0 and 1.0 in increments of 0.2.  Changing FPEAK indicates that the Q/Qexp does not change significantly between -1.0 38 
and 1.0.  The maximum change in Q/Qexp across FPEAK values is 0.07%.  Table S 14 presents the results of the FPEAK 39 
analysis where correlations with reference mass spectra are shown with the three-factor solution at different FPEAK values.  40 
Correlations of the three-factor solution mass spectra with reference mass spectra do not change significantly between 41 
FPEAK = 0 and FPEAK < 0.0 (Table S 12 for FPEAK = 0 and Table S 14 for FPEAK < 0.0).  However, at FPEAK = + 0.2, 42 
it should be noted that an increase in correlation with reference mass spectra compared to the FPEAK = 0 solution (2-5% 43 
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increase) is observed.  For instance, the correlation between Factor 2 and a reference mass spectra for IEPOX-OA from Hu 1 
et al. (2015) increases from R = 0.94 at FPEAK = 0 (Table S 12) to R = 0.98 at FPEAK = +0.2 (Table S 14).  Additionally, it 2 
should be noted that time series correlations between Factor 3 and unidentified VOC mass 139 (Table S 13) increases from R 3 
= 0.47 to R = 0.60 for FPEAK = 0 to FPEAK = +0.2, respectively.  Similarly, correlations increase from R = 0.48 to R = 4 
0.54 for mass 169, and from R = 0.06 to R = 0.31 for mass 113.  However, no improvement in the time series or mass spectra 5 
of model residuals is observed across different FPEAK values to justify a FPEAK = + 0.2 selection.  Table S 15 provides a 6 
comparison of the mass spectra between the optimal above-canopy PMF solution and the below-canopy PMF solution at 7 
FPEAK = -0.2, 0.0, and +0.2.  Results indicate that the mass spectra from above- and below-canopy OA at FPEAK = 0.0 are 8 
identical (R = 1.0).  Therefore, the FPEAK analysis indicates that FPEAK = 0 is the appropriate solution for below-canopy 9 
OA.  Figure S 20 shows the model diagnostic plots for time series and mass spectra residuals for the optimal three-factor 10 
solution (FPEAK = 0 and SEED = 0).   11 

Results from 100 bootstrapping runs of the optimal three-factor solution at SEED = 0 and FPEAK = 0 are shown in 12 
Figure S 21.  Bootstrapping analysis indicate that the uncertainties of the time series and mass spectra of all factors are small 13 
in comparison to the time series and mass spectra signals.  This indicates a robust solution over 100 bootstrapping runs.  For 14 
instance, the standard deviation for the mass fraction of CO2+ ion (m/z 43.98) in the Factor 1 mass spectra is < 0.5% of the 15 
average CO2+ mass fraction.  The high-resolution mass spectra, time series of factor mass concentrations, and time series of 16 
fractional contributions of OA factors to total OA for the optimal below-canopy OA solution is shown in Figure S 22. 17 
  18 
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Table S 10: Summary of PMF factor selection for below-canopy OA data. 1 

# Factors FPEAK SEED Q/Qexpected ΔQ/Qexpected
1 Solution Description 

2 0 0 3.97729 -0.14314 Two-factor solution 

3 0 0 to 50 in 
steps of 1 

3.90198 – 
3.90201 --- 

Three-factor solution is 
stable across seeds, so 
SEED = 0 is chosen. 

3 -1.0 to 1.0 in increments 
of 0.2 0 3.90458 – 

3.90199 --- 

Three-factor solution 
across FPEAKs 
indicates similar mass 
spectra, so FPEAK = 0 
is chosen. 

3 0 0 3.90198 -0.07531 

Optimal three-factor 
solution yields factors 
with distinct time 
series and correlations 
with external time 
series and mass 
spectra data. 

4 0 0 3.85334 -0.04864 

Noisy time series of 
additional factor and 
strongly correlated mass 
spectra of the four-
factors (R > 0.8). 

5 0 0 3.81417 -0.03917 

Noisy time series of 
additional factor and 
strongly correlated mass 
spectra of five-factor 
solution (R > 0.9). 

6 to 8 0 0 
3.78501 

to 
3.73390 

-0.02916 
to 

-0.0244 

For solutions greater 
than the five-factors, no 
strong change in the 
slope of Q/Qexp is 
observed and physically 
meaningless factors are 
extracted. 

1This value represents the difference between the Q/Qexp (P) and Q/Qexp (P-1) factor solution, where P = # of factors 2 
  3 
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Table S 12: Summary of PMF factor solutions for below-canopy OA data and correlation coefficients with reference mass spectra 1 
from the unit-mass resolution and high-resolution AMS spectral database, where table entries shaded in gray represent 2 
correlation coefficients that are greater than or equal to 0.80.  PMF solutions with SEED = 0 and FPEAK = 0 are shown.  3 
Reference mass spectra from the unit-mass resolution and high-resolution AMS spectral database are used for comparison to the 4 
below-canopy PMF factor solutions (Ulbrich et al., 2009).    5 

 2-factor 3-factor 4-factor 5-factor 
Reference Mass Spectra, R Mass Spectra 

 1 2 1 2 3 1 2 3 4 1 2 3 4 5 
MO-OOAa 0.85 0.81 0.85 0.79 0.84 0.84 0.69 0.84 0.85 0.55 0.83 0.85 0.85 0.82 
LO-OOAa 0.68 0.86 0.63 0.86 0.83 0.61 0.85 0.83 0.80 0.75 0.56 0.80 0.80 0.86 

BBOAa 0.59 0.81 0.53 0.83 0.76 0.52 0.87 0.75 0.70 0.85 0.45 0.75 0.71 0.76 
HOAa 0.34 0.52 0.29 0.53 0.49 0.28 0.54 0.49 0.47 0.49 0.23 0.47 0.47 0.51 

IEPOX-OAb 0.74 0.88 0.70 0.88 0.85 0.69 0.87 0.85 0.81 0.79 0.63 0.84 0.81 0.85 
IEPOX-OAc 0.73 0.92 0.69 0.94 0.86 0.68 0.98 0.85 0.82 0.93 0.63 0.85 0.81 0.87 

82Facd 0.55 0.67 0.53 0.68 0.63 0.52 0.72 0.63 0.62 0.69 0.50 0.61 0.61 0.67 
91Facd 0.70 0.84 0.66 0.84 0.82 0.64 0.82 0.81 0.80 0.74 0.59 0.81 0.80 0.82 

a Average MS from multiple ambient data sets (Ng et al., 2011). 6 
b Atlanta, GA in Summer 2011, Source: (Budisulistiorini et al., 2013). 7 
c Southern Oxidant and Aerosol Study (SOAS) in Centreville, AL in Summer 2013 (Hu et al., 2015). 8 
d Malaysian Borneo rainforest in 2008 (Robinson et al., 2011a) 9 
  10 
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 1 

Figure S 14: (left) Mass spectra and (right) time series for the two-factor solution for below-canopy OA, where Factor 2 and 2 
Factor 1 are shown from top to bottom, respectively. 3 

 4 
Figure S 15: (left) Mass spectra and (right) time series for the three-factor solution for below-canopy OA, where Factor 3, Factor 5 
2, and Factor 1 are shown from top to bottom, respectively. 6 

 7 

Figure S 16: (left) Mass spectra and (right) time series for the four-factor solution for below-canopy OA, where Factors 4 through 8 
1 are shown from top to bottom, respectively. 9 

 10 

Figure S 17: (left) Mass spectra and (right) time series for the five-factor solution for below-canopy OA, where Factors 5 through 1 11 
are shown from top to bottom respectively. 12 
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Table S 13: Summary of correlation coefficients between different PMF factor solutions for below-canopy OA data and VOCs 1 
measured by University of Minnesota’s PTR-QiTOF.  Further information regarding unidentified VOCs can be found in Table S 2 
7.  Table entries shaded in gray represent correlation coefficients that are greater than or equal to 0.40.  PMF solutions with SEED 3 
= 0 and FPEAK = 0 are shown. 4 

 Two-factor Three-factor Four-factor Five-factor 
VOCs Masses from Table S 7, R Time Series 

Factor # 1 2 1 2 3 1 2 3 4 1 2 3 4 5 
               

47.011 0.30 0.23 0.34 0.32 -0.01 0.34 0.32 0.11 0.14 0.21 0.35 -0.04 0.13 0.33 
47.0478 0.08 0.05 0.08 0.07 0.01 0.08 0.07 0.04 0.03 0.10 0.08 0.11 0.03 -0.02 
57.034 0.47 0.19 0.49 0.28 0.04 0.49 0.28 0.15 0.15 0.25 0.49 0.16 0.14 0.22 
61.029 0.43 0.27 0.48 0.41 -0.04 0.47 0.40 0.10 0.22 0.34 0.49 0.06 0.21 0.29 

73.02691 0.45 0.31 0.47 0.40 0.06 0.47 0.40 0.17 0.25 0.38 0.47 0.19 0.24 0.24 
75.0446 0.58 0.04 0.59 0.14 0.04 0.59 0.15 0.14 0.03 0.06 0.60 0.10 0.02 0.24 

113.05511 0.29 0.43 0.33 0.51 0.06 0.32 0.51 0.19 0.28 0.45 0.33 0.11 0.27 0.34 
115.07355 0.63 0.15 0.64 0.26 0.06 0.64 0.26 0.15 0.19 0.24 0.64 0.23 0.18 0.18 
127.07339 0.39 0.37 0.39 0.35 0.24 0.38 0.36 0.31 0.23 0.28 0.38 0.21 0.22 0.35 
127.10961 0.43 0.21 0.42 0.23 0.18 0.41 0.23 0.22 0.19 0.20 0.41 0.23 0.18 0.20 
129.08796 0.58 0.21 0.56 0.23 0.22 0.56 0.24 0.27 0.20 0.20 0.55 0.30 0.19 0.23 
139.11197 0.11 0.51 0.06 0.32 0.47 0.05 0.34 0.48 0.23 0.26 0.04 0.29 0.23 0.38 
151.11044 0.33 0.19 0.25 0.04 0.43 0.25 0.05 0.36 0.13 0.01 0.23 0.34 0.13 0.18 
169.12196 0.26 0.36 0.19 0.18 0.48 0.19 0.20 0.45 0.18 0.14 0.17 0.34 0.18 0.30 
205.1956 0.12 0.20 0.07 0.07 0.32 0.07 0.08 0.26 0.12 0.07 0.06 0.25 0.12 0.11 
237.18584 0.29 0.08 0.26 0.02 0.22 0.25 0.03 0.20 0.06 0.01 0.24 0.21 0.06 0.11 
253.1774 0.18 0.10 0.17 0.09 0.10 0.17 0.09 0.12 0.06 0.08 0.17 0.12 0.05 0.10 

  5 
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 1 

 2 

Figure S 18: Factor correlation coefficient plots based on factor time series (“R, tseries”) and factor mass spectra (“R, profiles”) of 3 
below-canopy OA data for the following: (top left) two-factor solution, (top right) three-factor solution, (bottom left) four-factor 4 
solution, and (bottom right) five-factor solution.  Correlation coefficients are shown with black circles, and are labeled as Ri_j, 5 
where i and j represent the factor numbers i and j within a given PMF solution. 6 

  7 
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1 

2 

 3 

Figure S 19: Q/Qexp, SEED, and FPEAK related diagnostic plots for three-factor solution resolved for below-canopy OA: (top left) 4 
Q/Qexp vs. number of factors, (top right) Q/Qexp vs. SEED ranging from 1 to 50 in increments of 1, (middle) mass fraction of PMF 5 
factors vs. SEED, (bottom left) Q/Qexp vs. FPEAK ranging from -1.0 to +0.2 in increments of 0.2, and (bottom right) mass fraction 6 
of PMF factors vs. FPEAK.  The orange circle denotes the chosen PMF solution.  Values of Q/Qexp are not shown for solutions with 7 
FPEAK > +0.2 because solutions with FPEAK > +0.2 did not converge. 8 
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Table S 14: Summary of correlation coefficients of the three-factor PMF solution for below-canopy OA data with reference mass 1 
spectra using FPEAK analysis, where FPEAK ranges from -1.0 to +0.2 in increments of 0.2.  PMF solutions with FPEAK values 2 
greater than 0.2 did not achieve convergence, and are not shown.  Reference mass spectra from the unit-mass resolution and high-3 
resolution AMS spectral database are used for comparison to the below-canopy PMF factor solutions at different FPEAK values 4 
(Ulbrich et al., 2009).    5 

FPEAK -1.0 -0.8 -0.6 
 1 2 3 1 2 3 1 2 3 

MO-OOAa 0.85 0.84 0.80 0.85 0.84 0.80 0.85 0.84 0.80 
LO-OOAa 0.66 0.82 0.86 0.65 0.82 0.86 0.64 0.83 0.86 

BBOAa 0.57 0.75 0.82 0.56 0.75 0.82 0.55 0.76 0.82 
HOAa 0.32 0.48 0.52 0.31 0.48 0.52 0.31 0.48 0.52 

IEPOX-OAb 0.72 0.85 0.88 0.72 0.85 0.88 0.71 0.85 0.88 
IEPOX-OAc 0.72 0.86 0.93 0.71 0.86 0.93 0.70 0.86 0.93 

82Facd 0.54 0.63 0.67 0.54 0.63 0.67 0.53 0.63 0.67 
91Facd 0.68 0.81 0.84 0.68 0.81 0.84 0.67 0.81 0.84 
FPEAK -0.4 -0.2 +0.2 

 1 2 3 1 2 3 1 2 3 
MO-OOAa 0.85 0.84 0.80 0.85 0.84 0.79 0.85 0.74 0.84 
LO-OOAa 0.64 0.83 0.86 0.63 0.83 0.86 0.63 0.86 0.83 

BBOAa 0.54 0.76 0.83 0.54 0.76 0.83 0.53 0.86 0.76 
HOAa 0.30 0.48 0.53 0.30 0.49 0.53 0.29 0.54 0.49 

IEPOX-OAb 0.70 0.85 0.88 0.70 0.85 0.88 0.70 0.88 0.85 
IEPOX-OAc 0.70 0.86 0.94 0.69 0.86 0.94 0.69 0.98 0.86 

82Facd 0.53 0.63 0.68 0.53 0.63 0.68 0.53 0.71 0.63 
91Facd 0.66 0.81 0.84 0.66 0.82 0.84 0.66 0.84 0.82 

a Average MS from multiple ambient data sets (Ng et al., 2011). 6 
b Atlanta, GA in Summer 2011, Source: (Budisulistiorini et al., 2013). 7 
c Southern Oxidant and Aerosol Study (SOAS) in Centreville, AL in Summer 2013 (Hu et al., 2015). 8 
d Malaysian Borneo rainforest in 2008 (Robinson et al., 2011a). 9 
 10 
Table S 15: Correlations of above-canopy and below-canopy three-factor solutions across -0.2 and +0.2 FPEAK values for below-11 
canopy OA. 12 

 Below-Canopy OA PMF solutions @ FPEAK value 
 -0.2 0.0a +0.2 

Above-Canopy OA 1 2 3 1 2 3 1 2 3 
MO-OOA 1.00 0.95 0.88 1.00 0.87 0.95 1.00 0.79 0.95 

91Fac 0.96 1.00 0.98 0.96 0.97 1.00 0.96 0.93 1.00 
IEPOX-OA 0.87 0.97 1.00 0.87 1.00 0.97 0.87 0.99 0.97 

a Factors 1, 2, and 3 for FPEAK = 0.0 correspond to below-canopy MO-OOA, IEPOX-OA, and 91Fac, respectively. 13 
 14 
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 1 

Figure S 20: Model residual diagnostic plots for three-factor solution resolved for below-canopy OA, from top to bottom, 2 
respectively: box and whisker plot of the scaled residuals for each m/z where boxes represent +/- 25% of points, Q/Qexp 3 
contribution for each m/z, Q/Qexp contribution for each time step, residuals (=measured – reconstructed) of the least-squares-fit 4 
for each time step, time series of the measured and reconstructed organic mass.  The increases in PMF model residuals in Q/Qexp 5 
contribution time series between 7/21 and 7/31 are discussed in caption of Figure S 11.  6 



33 
 

1 

2 

 3 

4 

5 

 6 

Figure S 21: Average mass spectra and time series of below-canopy OA composition for 100 bootstrapping runs for the three-7 
factor solution from top to bottom, respectively: MO-OOA (Factor 1), IEPOX-OA (Factor 2), and 91Fac (Factor 3), where 8 
averages are shown in black and one standard deviation from the mean is shown in red.  9 
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 1 

2 

 3 

 4 
Figure S 22: (top) High-resolution mass spectra, (middle) time series of OA factor mass concentrations, and (bottom) time series of 5 
fractional contributions of OA factors to total OA for the optimal three-factor solution resolved for below-canopy OA during the 6 
PROPHET-AMOS campaign.  High-resolution mass spectra are colored by their ion families, as shown in the legend of the top 7 
panel. 8 

  9 
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Factor description for above- and below-canopy OA 1 

As discussed above, optimal three-factor solutions were resolved for both the above- and below-canopy OA 2 
datasets.  In the following section, characteristics of the above-canopy MO-OOA (A-MO-OOA), IEPOX-OA (A-IEPOX-3 
OA), and 91Fac (A-91Fac) and below-canopy MO-OOA (B-MO-OOA), IEPOX-OA (B-IEPOX-OA), and 91Fac (B-91Fac) 4 
will be described. 5 

More-oxidized oxygenated organic aerosol (MO-OOA) 6 

MO-OOA is a factor that has been resolved in a number of urban, forested, and remote field studies (Jimenez et al., 7 
2009; Ng et al., 2010).  In the region surrounding the PROPHET site, MO-OOA has been resolved in studies conducted in 8 
Ontario, Canada, specifically in Bear Creek, Harrow, and Egbert (as OOA-1 in (Slowik et al., 2011, 2010)).  MO-OOA is the 9 
most oxidized factor (O:C = 0.89-0.90) and represents 23.4% and 23.5% of the total OA mass for the above- and below-10 
canopy OA, respectively.  This OOA factor is distinguished by a prominent signal at m/z 44 (f44,above = 0.21, f44,below = 0.20) 11 
and m/z 28 (f28,above = 0.20, f28,below = 0.19), and relatively lower signal at m/z > 50.  The f44 of this MO-OOA factor is the 12 
highest among the resolved PMF factors.  A majority of the signal at m/z 44 is attributed to the CO2+ ion (~99% mass 13 
contribution at m/z 44 for above and below the canopy).  Oxygen-containing ion families, such as the CxHyO>1 and CxHyO1 14 
ion families, contribute ~60% to the total mass of the MO-OOA factor.   15 

A-MO-OOA and B-MO-OOA are correlated with aerosol SO4 (R = 0.72), NH4 (R = 0.77-0.76), and NO3 (R = 0.73-16 
0.72).  Highly-oxygenated OA that has been identified in previous studies (also referred to as MO-OOA, LV-OOA, or OOA-17 
1) has been shown to correlate with aerosol SO4 and is representative of a more regional, transported OA factor (Lanz et al., 18 
2007; Slowik et al., 2010; Ulbrich et al., 2009).  A-MO-OOA and B-MO-OOA are also correlated with a number of VOC 19 
measurements, as shown in the PMF factor time series correlation summaries in Table S 5 and Table S 11.  Correlation with 20 
benzene (C6H6) (R = 0.66-0.67) indicates that MO-OOA was formed in or passed over regions impacted by anthropogenic 21 
activities.  Previous studies in metropolitan Paris found significant correlations between MO-OOA and benzene, which 22 
suggested the influence of continental/anthropogenic emissions on MO-OOA (Crippa et al., 2013).  Furthermore, at a rural 23 
site in Canada (approx. 250 miles ESE from the site), Rupakheti et al. (2005) found that air masses originating from 24 
urban/industrial regions from the southwest contained higher f44 (more OOA) and longer-lived non-methane hydrocarbons 25 
(NMHCs) such as ethane and propane (lifetime of benzene with respect to OH oxidation = 10 days, (Atkinson et al., 2004)), 26 
which is consistent with the associations of benzene and MO-OOA factors (highest f44) resolved at this site.  27 

Correlations between A-MO-OOA and B-MO-OOA and oxygenated VOCs (OVOCs: acetone (C3H6O, R= 0.46-28 
0.60), acetaldehyde (C2H4O, R = 0.25-0.45), methanol (C2H4O, R = 0.33-0.51), C4-carbonyls, C5-carbonyls, and C6-29 
carbonyls) suggests the similar sources of MO-OOA and these OVOCs.  Correlations of MO-OOA with OVOCs that are 30 
associated with long-range transported air masses further suggest the transported nature of this factor.  In this region, the 31 
associations of MO-OOA with acetone and particulate SO4 is in agreement with MO-OOA resolved in previous studies in 32 
the Ontario region of Canada (Slowik et al., 2011, 2010; Vlasenko et al., 2009).  Finally, the A-MO-OOA and B-MO-OOA 33 
mass spectra resemble reference mass spectra of MO-OOA (R = 0.85, as shown in Table S 6 and Table S 12, respectively). 34 

The diurnal pattern for MO-OOA (Figure 3 in the main text) is relatively flat with increases during the nighttime 35 
hours.  This type of diurnal pattern is in contrast to MO-OOA resulting from daytime photochemical production, which 36 
exhibits maximums in the afternoon, as observed in other studies in forested environments (Hao et al., 2014; Raatikainen et 37 
al., 2010; Xu et al., 2015a).  Multiple factors likely contribute to this type of diurnal variation, such as boundary layer 38 
dynamics and long-range transport.  Nighttime accumulation of MO-OOA in the shallow nocturnal boundary layer could 39 
help to explain the observed increases in nighttime MO-OOA at this site.  Additionally, the diurnal wind speed and wind 40 
direction (Figure S 2) indicate that southwesterly winds (~240°) occurred during nighttime hours, which supports the 41 
observations of MO-OOA formed from or passed over anthropogenic activities from southwest of the site during these time 42 
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periods.  Lastly, the two MO-OOA related events (7/3-7/6 and 7/11-7/14) are mainly attributed to southerly air masses 1 
(Cluster#1 in Figure S 23) using the HYSPLIT backward-trajectories. Taken together, the regional nature of this factor, 2 
along with boundary layer effects help to explain this observed diurnal profile. 3 

Isoprene-epoxydiol organic aerosol (IEPOX-OA) 4 

Factors associated with IEPOX-derived SOA have been identified in a number of ambient field studies in the 5 
southeastern USA (Budisulistiorini et al., 2016, 2013; Xu et al., 2015b), rural Canada (Slowik et al., 2011), a tropical forest 6 
in Borneo, Malaysia (Robinson et al., 2011b, 2011a), and a tropical rainforest in the Amazon (Chen et al., 2015, 2009; de Sá 7 
et al., 2017).  Overall, these PMF studies have identified OA factors with an enhanced signal at m/z 82 in their OA mass 8 
spectra.  The major fragment contributing to m/z 82 is the C5H6O+ fragment (m/z = 82.042).   9 

The prominence of the m/z 82 peak in studies conducted in high-isoprene, low-NOx environments has prompted the 10 
use of fC5H6O (the fraction of the C5H6O+ fragment to total OA) or f82 (fraction of m/z 82 to total OA) as a quantitative tracer 11 
for SOA formed from IEPOX uptake (Allan et al., 2014; Hu et al., 2015).  The anthropogenically-influenced/urban 12 
background fC5H6O value, based on field studies using AMS measurements summarized in Hu et al. (2015), is fC5H6O,Urban-Bkgrd 13 
= 0.0017 +/- 0.0001, while areas influenced by monoterpene emissions have higher background values of fC5H6O,Monot.-Bkgrd = 14 
0.0031 +/- 0.0006.  The average value for PMF factors for ambient IEPOX-OA summarized in Hu et al. (2015) is fC5H6O, 15 
IEPOX-OA PMF = 0.022 +/- 0.007.  The authors hypothesize that: (1) the wide range of values for ambient IEPOX-OA PMF 16 
factors (0.012 to 0.040) is indicative of the variability in the compounds that comprise IEPOX-OA and (2) ambient OA 17 
oxidation processes or mixing with aged air masses can increase the fractional contribution of CO2+ while decreasing the 18 
signature of IEPOX-OA of C5H6O+.  In this study, the campaign-averaged fC5H6O value is 0.0032, making it higher than the 19 
urban background and consistent with the background value in areas influenced by monoterpene emissions.  The fC5H6O for 20 
A-IEPOX-OA and B-IEPOX-OA factors are 0.00622 and 0.00636, respectively.  In total, the near-background campaign-21 
averaged fC5H6O and lower fC5H6O, IEPOX-OA for the PMF factors indicate that the OA at this site is potentially influenced by a 22 
more aged IEPOX-OA.  The notion of a transported/aged IEPOX-OA is also supported by Figure 2 in the main text, where 23 
northeasterly and northwesterly two-day backward trajectories likely contribute to the IEPOX-OA loadings observed at the 24 
site. 25 

A-IEPOX-OA and B-IEPOX-OA represent 32.8% and 34.0% of the total OA mass for the above- and below-26 
canopy OA, respectively.  IEPOX-OA is the least oxidized factor (O:C = 0.65).  Its O:C value makes it a relatively fresh 27 
OOA.  A-IEPOX-OA and B-IEPOX-OA are also distinguished by signals at m/z 53 (mostly C4H5+) and m/z 75 (mostly 28 
C3H7O2+).  The mass spectral characteristics at m/z 53, 75, and 82 are consistent with laboratory observations, where high 29 
resolution mass spectra were generated by atomizing solutions of molecular IEPOX-SOA tracers and synthesized IEPOX 30 
standards and analyzing them using AMS (Lin et al., 2012).  Furthermore, comparison of the IEPOX-OA mass spectra with 31 
reference mass spectra from ambient field studies in Atlanta, GA (R = 0.88-0.94) indicate similar mass spectra 32 
(Budisulistiorini et al., 2013; Hu et al., 2015), as shown in Table S 6 and Table S 12.   33 

The diurnal profiles of A-IEPOX-OA and B-IEPOX-OA (as shown in Figure 3 in the main text) reach a daily 34 
maximum in the afternoon when photochemical activity is strongest, which is in general agreement with the diurnal profiles 35 
of IEPOX-related factors in the southeastern US (Budisulistiorini et al., 2016; Xu et al., 2015b) and forests in the Amazon 36 
(Chen et al., 2015).  The A-IEPOX-OA and B-IEPOX-OA time series correlate with time series of fC5H6O (R = 0.58 and R = 37 
0.54, respectively).  In addition, A-IEPOX-OA correlates with time series of above-canopy acetaldehyde measurements (R = 38 
0.44), as shown in Table S 5.  Compounds derived from isoprene oxidation observed at mass 136.07 (C5H12O4; 2-39 
methyltetrols) are observed in PM10 filter sampling and HPLC-ESI-ToF-MS analysis by Yale University (Ditto et al., 2018).  40 
Presence of this compound in PM10 provides evidence that isoprene oxidation products constitute a portion of the aerosol at 41 
this site. 42 
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Previous source apportionment studies in the southeastern US have found that SO4 aerosol is strongly correlated 1 
with IEPOX-OA (Budisulistiorini et al., 2013; Hu et al., 2015; Xu et al., 2015a, 2015b).  In the work of Xu et al. (2015a),  2 
ambient isoprene SOA from IEPOX uptake was strongly associated with SO4, due to the high abundance of SO4 in the 3 
southeastern US and the nucleophilic strength of SO4.  The authors hypothesized that the nucleophilic strength of SO4 4 
facilitates the ring-opening reaction of IEPOX to form IEPOX-derived SOA.  A comparison of the SO4 concentration at this 5 
site to other sites in North America (where isoprene-derived SOA factors have been resolved) indicates relatively lower SO4 6 
mass concentrations (Budisulistiorini et al., 2016; Xu et al., 2015b).  The resolved IEPOX-OA factor at this site has very 7 
weak correlations with SO4 regardless of time of day and wind direction, but data indicates that there are subsets of the data 8 
in which SO4 concentration may correlate with IEPOX-OA.  Recent work from de Sá et al. (2017) in central Amazonia 9 
showed that NOy concentrations helped to explain 75% of the variability in IEPOX-OA factor loadings in an environment 10 
where SO4 concentrations were relatively lower (< 0.5 μg m-3) and more variable than that of the southeastern US.  The 11 
authors hypothesized that elevated NO concentrations in urban-influenced plumes suppress IEPOX formation to a larger 12 
extent than SO4 is able to enhance IEPOX formation, which implies that higher NOy mixing ratios generally correspond to 13 
lower IEPOX-OA concentrations. For the PROPHET site, both a NOy and temporal dependence on the relationship between 14 
SO4 and IEPOX-OA is observed, however further work should focus on developing the relationships between NOy and SO4 15 
on IEPOX formation at this site.   16 

91 Factor (91Fac) 17 

The A-91Fac and B-91Fac reported in this study is distinguished by a peak at m/z 91.  The major fragments that 18 
contribute to m/z 91 are C7H7+ (100% of mass at m/z 91) and C3H9NO2

+.  The C7H7+ fragment is also known as the 19 
tropylium ion, and has been identified as a fragment resulting from EI ionization of benzyl compounds (Lee et al., 2016; 20 
McLafferty and Turecek, 1993).  Laboratory studies have identified characteristic peaks at m/z 91 as indicative NO3˙-21 
initiated β-pinene SOA (Boyd et al., 2015), dark ozonolysis of β-caryophyllene (C15H24) (Chen et al., 2015), peroxide 22 
formation from low-NOx isoprene environments (Surratt et al., 2006), pinonaldehyde uptake on acid seed aerosols (Liggio 23 
and Li, 2006), chamber SOA from a mixture of BVOCs from European and North American tree species (Kiendler-Scharr et 24 
al., 2009), and gas-phase oxidation of ISOPOOH resulting in isoprene-derived SOA through a non-IEPOX pathway (Riva et 25 
al., 2016).   26 

The explicit formation pathway of 91Fac in the existing literature has remained unclear.  Robinson et al. (2011) 27 
attributed 91Fac to aged biomass burning emissions over a Malaysian rain forest, due to its resemblance to biomass burning 28 
mass spectra.  91Fac, or OA factors with prominent peaks at m/z 91, have also been attributed to biogenic-influenced SOA 29 
chemistry in ambient field studies, such as monoterpene-related SOA in a coniferous forest in Whistler, British Columbia 30 
(Lee et al., 2016), freshly produced BVOC-derived SOA in the Amazon tropical rainforest based on mass spectra from 31 
chamber experiments (Chen et al., 2015), isoprene ozonolysis and photo-oxidation resulting in isoprene-SOA through a non-32 
IEPOX pathway (Budisulistiorini et al., 2016), biogenic SOA in the boreal forests in Finland (Finessi et al., 2012), and 33 
biogenic SOA in the southeastern US (Rattanavaraha et al., 2017).   34 

The fraction of the mass at m/z 91 (f91) is 0.87% and 0.88% for A-91Fac and B-91Fac, respectively.  The A-91Fac 35 
and B-91Fac factors both have an O:C of 0.69, which qualifies them as OOA.  A-91Fac contributes 35.6% and 47.6% to the 36 
total OA mass for above and below the canopy, respectively.  The time series of A-91Fac and B-91Fac correlate with VOC 37 
signals as detected by the PTR-QiTOF at the m/z values described in Table S 8 and Table S 13.  The relative variability of 38 
the signal at these m/z values can be used as indicators for source apportionment analysis.  A complete list of additional 39 
VOCs can be found in Table S 7.  The C9H15O+ ion detected at mass 139.112 and the C10H17O2+ at detected mass 169.122 40 
are both identified as likely monoterpene oxidation products. Nopinone (a β-pinene oxidation product;  (Atkinson and Arey, 41 
2003; Kim et al., 2010; Lee et al., 2006a; Yuan et al., 2017)) and limona ketone (a limonene oxidation product, (Lee et al., 42 
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2006b)) have both been observed at m/z 139.112, while pinonaldehyde (an α-pinene oxidation product; (Atkinson and Arey, 1 
2003; Kim et al., 2010; Yuan et al., 2017)) and limonaldehyde (a limonene oxidation product; (Lee et al., 2006b)) have both 2 
been observed at m/z 169.122.  Temporal correlation of 91Fac with these detected VOC signals suggests similar formation 3 
chemistry. 4 

Monoterpene oxidation SOA tracers such as C21H28O6, C9H14O4, C9H14O4 (pinic acid), and C10H16O3 (pinonic acid) 5 
were identified using PM10 filters and HPLC-ESI-QTOF analysis (Yale University).  Previous laboratory studies have 6 
identified low-volatility oxidation products of monoterpenes and O3 (Draper et al., 2015; Ehn et al., 2012).  The presence of 7 
monoterpene SOA tracers, such as C21H28O6 and C9H14O4, and the detection of a number of other C9, C10, C15, and C21 8 
compounds in PM10 filters suggest that: (1) 91Fac is more closely tied to monoterpene-related SOA and (2) monoterpene 9 
oxidation SOA is an observed fraction of the aerosol at the site.  A full summary of the monoterpene-derived SOA tracer 10 
species observed during the PROPHET-AMOS 2016 campaign can be found in the literature (Ditto et al., 2018). 11 

12 
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HYSPLIT backward trajectory analysis 1 

2 
Figure S 23: (left) Location of the PROPHET site (red star) with respect to 742 two-day backward trajectories (gray traces) 3 
calculated using HYSPLIT, (right) Two-day backward trajectories are clustered into three trajectory clusters where Cluster#1 4 
consists of 299 total backward-trajectories and represents southerly/southwesterly flow (magenta), Cluster #2 (192 backward-5 
trajectories) represents northeasterly flow (teal), and Cluster #3 (251 backward-trajectories) represents northwesterly flow (blue).  6 
Map was generated using ArcMap10.1 using the 2013 National Geographic Society, i-cubed basemap.  Copyright: © 2013 National 7 
Geographic Society, i-cubed. 8 

 9 
Figure S 24: Percent change in total spatial variation (TSV) versus number of backward-trajectory clusters ranging from 0 to 30 10 
for backward-trajectories during the PROPHET AMOS 2016 campaign.  Clustering of backward-trajectories was calculated 11 
using the angle distance method (Sirois and Bottenheim, 1995).  The angle distance method is appropriate for this study because 12 
the main interest of using backward trajectories is to determine the direction from which air masses arrive at the site. 13 

Choosing the suitable number of trajectory clusters is based on two methods.  The first method involves the plot of 14 
percentage change in total spatial variation (TSV) versus number of clusters.  Cluster numbers occurring before steep 15 
increases in the percentage change in TSV correspond to “suitable” cluster numbers, where trajectories arriving at the site 16 
originate from unique cluster directions.  Figure S 24 indicates that for the PROPHET-AMOS campaign, clusters numbers 3, 17 

Percent 
change in 
TSV (%)

Number of clusters
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6, 8, and 9 may be suitable choices.  The second method involves a visual inspection of the mean trajectories plotted on a 1 
map of the geographical source region (Sirois and Bottenheim, 1995).  Mean cluster trajectories are calculated based on the 2 
trajectories falling within their respective cluster. A determination using the second method is made based on the 3 
interpretability of the cluster mean trajectories, their relative spatial positioning, and overall trajectory shape.  Overlapping 4 
mean cluster trajectories were observed for clusters 6, 8, and 9.  Based on these two methods, three clusters are chosen for 5 
PROPHET-AMOS 2016. 6 
 7 

8 

  9 
Figure S 25: Diurnal profiles of NR-PM1 species and elemental ratios, as measured by HR-ToF-AMS, for (top panel from left to 10 
right) OA, SO4, NH4 and (bottom from left to right) NO3, H:C, and O:C.  The solid curves indicate average concentrations, 11 
squares represent median concentrations, upper and lower box borders represent 25th and 75th percentiles, respectively, and upper 12 
and lower whiskers represent 5th and 95th percentiles, respectively.  13 
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 1 
Figure S 26: Diurnal profiles of vertical differences from left to right, respectively: SO4, OA, and OA factors.  The solid lines 2 
indicate average concentrations and upper and lower whiskers represent one standard deviation from the mean (for the left and 3 
middle figures).  Solid lines indicate the average concentrations for each OA factor (for the right figure).   4 

 5 

 6 
Figure S 27: Cumulative probability distributions for vertical differences episodes in (left) SO4 and (right) O3.  Vertical differences 7 
in SO4 were calculated using 30-minute averaged data from the above- and below-canopy AMS inlets on the PROPHET tower.  8 
Vertical differences in O3 were calculated using 1-minute resolution data on the AmeriFlux tower.  Episode data are shown with 9 
solid lines, and the full campaign data is shown with a dashed line.  10 

  11 
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Particle deposition model parameters 1 

 The particle dry deposition model used in this study is based on the resistance model outlined in Seinfeld and 2 
Pandis (2006).  This model assumes that the transport of particles from the atmosphere to a given surface (in the absence of 3 
precipitation) is governed by three resistances in series: aerodynamic resistance, quasi-laminar layer resistance, and surface 4 
or canopy resistance.  The equations used for the resistance model for dry deposition can be found in Seinfeld and Pandis 5 
(2006), and Table S 16 summarizes the parameters that were used in this study.  Specific values from the deposition model in 6 
Zhang et al. (2001) are used in this study that are representative of the land use category (LUC) and seasonal categories (SC) 7 
at the PROPHET site.   8 
 9 
Table S 16: Parameters for dry deposition model 10 

Model input parameter: Value: Source:  
Friction velocity (u*) 0.1 m/s (low in-canopy mixing test case) 

0.8 m/s (high in-canopy mixing test case) 
This study 

Standard acceleration due to gravity (g) 9.81 m/s2  
Particle diameter (Dp) 1 μm This study 
Temperature (T) 305 K This study 
Mean free path of air (λ) 6.98E-8 m (Seinfeld and 

Pandis, 2006) 
Atmospheric stability class Stable  
Particle density (ρ) 1.4 g/cm3 (Guo et al., 2015) 
Height (z) 25 m (assumed vegetation canopy height)  This study 
Roughness length (z0) 1.05 m (LUC = deciduous broadleaf trees, SC = 

midsummer with lush vegetation) 
(Zhang et al., 2001) 

Monin-Obukhov length (L) 5 m  
von Karman constant (Κ) 0.41  
γ 0.56 (LUC = deciduous broadleaf trees)) (Zhang et al., 2001) 
α 0.8 (LUC = 4, deciduous broadleaf trees) (Zhang et al., 2001) 
A 0.005 m (LUC = deciduous broadleaf trees, SC = 

midsummer with lush vegetation) 
(Zhang et al., 2001) 

Kinematic viscosity of air @ 298K 15.51E-6   
Boltzmann constant (k) 1.381E-23 J/K (Seinfeld and 

Pandis, 2006) 
R1 1.0 (parameter represents fraction of particles that stick to 

surface, assumed R1 = 1 for particles) 
(Seinfeld and 
Pandis, 2006) 

ε0 Empirical constant  (Seinfeld and 
Pandis, 2006) 

β 2  (Seinfeld and 
Pandis, 2006) 

 11 
  12 
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