
Equations describing data preparations for, and basics of, the NMF analysis 

Following the description by Guha et al. (2015), a data set of normalized volume mixing ratios (VMR), xij, 

was prepared shown in equation (1): 

xij=(VMRij − backgroundj)/(maxVMRj − backgroundj)    (1) 

Index i signifies time, index j signifies the compound measured in air. “Background” in each case was 
taken to be the minimum VMR observed, which in many cases (e.g. benzene) was 0 ppb, aka below the 
detection limit. Missing values were not included in the background evaluation. However, to maximize 
data availability, occasional missing (or negative in case of NOx and H2S) values were replaced by random 
positive values of at most one tenth the detection limit. 

The error data set, sij, was developed using given measurement uncertainty estimates by the instrument 
manufacturer in the case of H2S and NOx, respectively limit of detection (LOD, 0.4 ppbC) and accuracy 
estimates (10%) given by TCEQ for the hydrocarbon measurement system: 

sij = 2×LOD, if xij ≤ LOD      (2a) 

sij = ((AU × xij)
2 + (LOD)2)0.5, if xij > LOD     (2b) 

AU is the analytical uncertainly given as “1% of reading” for H2S and NOx, and as 10% for all 
hydrocarbons. LOD was given as 0.2 ppb for both H2S and NOx, and hydrocarbon LOD was calculated as 
0.4/#C ppb for each compound measured. Uncertainty for low values, particularly for H2S and NOx, is 
dominated by the LOD (eq. 2a & 2b), while the uncertainty for large values is dominated by the 
measurement values themselves (eq. 2b). 

The NMF procedure decomposes the measurement matrix X into a species weights matrix (W) and a 
factor matrix (F), aka X ≅ WF = V + eij, in which eij are the residual elements after optimization.  The 
number of rows in F, i.e. the number of factors, is user-selected, and the selection of starting values in 
matrix W, the seeding method, is typically random. Here, we used both a non-negative single value 
decomposition (svd) and random seeding methods. For comparison reasons, the selected NMF 
optimization procedure was an iterative least-squares method minimizing 
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Each iterative step for Vij uses a multiplicative update, and this is the major difference to PMF2, which 

uses additive updates (pers. comm. with Renaud Gaujoux). 

 

  



 

 

  

Figure S-1: Supplementary map and windrose.  (a) Traffic map of Karnes City, TX (2014 Corpus Christi 

District Traffic maps, Supplement Sheet 1, Texas Department of Transportation, Transportation Planning 

and Programming Division, 2015) showing 2014 annual average daily traffic (AADT) counts (blue 

numbers) on thoroughfare (green) and collector (black) road axes traversing the city. The red solid dot 

marks the monitor location, the orange open circles mark local gas stations. (b) The annual 2015 wind 

rose for the Karnes county monitor (note significant aliasing of SE winds into SSE and ESE directions due 

to the local influence of the Karnes City courthouse building to the SE of the monitor). 

 

  



 

 

Figure S-2: Data handling example.  NOx data handling for a short period in late August 2015. Open 

circles are quality-assured NOx data, closed squares show the replacement data for the 24 hours that 

showed the offset. 

 

  



 

 

Figure S-3: NMF-PMF2 comparison.  NMF factor composition based on the data set by Guha et al. 

(2015) using a 100-run random seed. The graph uses the same color scheme and factor interpretation as 

Guha et al.’s Figure 4, which it closely matches. 

 

  



 

 

Figure S-4: Data examples.  Example log-normal data distributions for two n-alkanes measured in 2015 

at the Karnes county monitor. 

 

  



 

 

Figure S-5: NMF factor relations.  Pairwise correlations between the six selected NMF factor profile 

coefficients. 

 

  



 

 

Figure S-6: NMF factor accuracy, I.  Distribution of NMF factor results from 100 random seed runs on 

the full data set. Boxplots show variability of factor scores in runs that identified the particular factor, 

and the red line in each case represents a single run with significantly lower overall residuals. 

 

  



 

 

Figure S-7: NMF factor accuracy, II.  Distribution of NMF factor results from 100 nnsvd seed runs on 

random subsets (1000 data points) of the 2nd half year 2015 data set. Boxplots show variability of factor 

scores in runs that identified the particular factor, and the red line in each case represents a single run 

with significantly lower overall residuals. 

 

  



 

 

Figure S-8: Flaring map.  Active flares in Karnes County during 1-6 August 2015 using VIIRS data (Elvidge 

et al., 2016). The location of each flare detected is shown. When the flare was large enough for its 

radiance to be detected in multiple IR channels, a flare temperature was estimated. 

 

  



 

 

Figure S-9: Example air mass origin map.  Colored HYSPLIT back trajectory ensemble (Draxler and Rolph, 

2015) arriving at the Karnes county monitor at 12:00 UTC on 30 April 2015, overlaid on a Google Earth 

map. County boundaries are shown by cyan lines. Labels include (i) two locations along one trajectory 

(red dots) one and two hours upwind of the receptor location, and (ii) the location of the Floresville 

monitor, which did not record any elevated NHMCs during the night in question. Additionally, active 

flares during that night are place-marked in light red (large flares) and white (small flares), including a 

small flare between one and two hours upwind. Oil and gas exploration sites (well pads) are clearly 

visible as white specks on the otherwise green landscape. 

 

 



Table S-1: Correlations between selected hydrocarbon species in the data set. The header row represents the species plotted on the x-axis. 

 

ethane propane n-butane isobutane n-pentane isopentane n-hexane n-heptane benzene toluene 

 slope r
2
 slope r

2
 slope r

2
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2
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2
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2
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2
 slope r

2
 

C3 0.791 0.96 1 1                 

n-C4 0.388 0.91 0.493 0.98 1 1               

i-C4 0.168 0.89 0.212 0.94 0.429 0.97 1 1             

n-C5 0.123 0.87 0.156 0.93 0.321 0.97 0.718 0.93 1 1           

i-C5 0.121 0.86 0.153 0.9 0.316 0.96 0.723 0.96 0.984 0.98 1 1         

n-C6 0.035 0.82 0.045 0.86 0.092 0.91 0.207 0.88 0.291 0.97 0.291 0.95 1 1       

n-C7 0.009 0.74 0.012 0.77 0.024 0.82 0.054 0.8 0.076 0.88 0.076 0.87 0.264 0.93 1 1     

benzene 0.004 0.83 0.005 0.85 0.01 0.89 0.023 0.85 0.032 0.91 0.032 0.9 0.109 0.92 0.389 0.87 1 1   

toluene 0.006 0.58 0.007 0.58 0.015 0.64 0.035 0.65 0.049 0.69 0.05 0.71 0.169 0.72 0.645 0.78 1.526 0.76 1 1 

ethene 0.005 0.41 0.006 0.37 0.013 0.37 0.03 0.38 0.039 0.35 0.04 0.37 0.126 0.33 0.464 0.33 1.354 0.49 0.707 0.41 

 

 



 

Table S-2: Karnes County monitor benzene data compared to several Houston hydrocarbon monitoring 

sites’ data; annual summary 2015 statistics. 

site name mean benzene (ppb) second highest (ppb) min (ppb) 

Karnes County 0.21 3.35 0.0 

Clinton 0.32 19.75 0.0 

HRM-3 Haden Road  0.45 12.8 0.0 

Lynchburg Ferry 1.06 67.13 0.0 

Deer Park-2 0.35 27.48 0.0 

Cesar Chavez 0.30 4.75 0.0 
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