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Figure 1: Map of sampling sites and major sources of interest. Note that the Y-Pod locations have been 

approximated to the center of their respective blocks in order to protect participant identities. The first initial 

is indicative of the site type: N – neighborhood site, R – near roadway site, E – near oil extraction site, c – 

ongoing co-location site. 

2.2 Local Partnerships & the Communities 

This project was conducted in a participatory manner, in partnership with two local community-based 

organizations. Redeemer Community Partnership, a community development corporation, has been organizing local 

residents around the drill site of interest and has been active in the community since 1992. Esperanza Community 

Housing has been active in the community since 1989 and played a large role in bringing awareness to violations at a 

formerly active drill site to the attention of regulators [47]. Together we worked with community partners to plan the 

project, choose the sampling sites, and conduct the sampling. Partners also assisted with finding and hiring a local 

field technician to check the sensor systems periodically and collect the data. As part of the project a Memorandum 

of Understanding (MOU) was developed and signed by all partners to ensure a mutual understanding of the limitations 

of sensor technology and study objectives as well as to ensure ongoing communication, particularly around the 

dissemination of the results of the project.  

This deployment spanned primarily two communities, West Adams and University Park. In both of these 

communities, problems such as poverty and housing insecurity contribute to an overburdening of residents. West 

Adams is made up of 87% residents of color, including 58% Latino and 20% African American. Furthermore 68% of 

residents live 200% below the poverty line [15]. University Park is predominantly Latino at 76% and here 72% of 

But what about where I live?
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Figure 13: Approximately one week of baseline removed data, with panel a including the single sensor CH4 

data, panel b including the multi sensor methane data, and panel c including the multi sensor NMCH data. The 

time stamp is local, and the yellow box highlights the event discussed in the text. To the right of each panel is a 

zoomed in version of the event highlighted in yellow.  

In addition to the likely presence of larger hydrocarbons, we see that the timing of the events was not perfectly 

correlated between the sites. The enhancements alternated between the two sites, possibly suggesting a shared source 

between the two sites and shifting wind directions. By incorporating additional streams of data, we can more fully 

understand this emission event.  

3.3.2 Utilizing Additional Data Streams 

 

Figure 14: Panel a includes baseline removed TNMHC, CO2, and CO data from Site E2 as well as baseline 

removed TNMHC data from Site E1. All of the data is from 8/15/16 and the times listed are local times. Panel 

b includes a wind rose for only the period of enhancements in TNMHCs. 

Concentrations* on two sides of the drill site
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Multiple components help understand origin



Is there more evidence of non-combustion HC emissions?
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Figure 17: Scatterplots of baseline removed data, with the correlation coefficients for each set of data noted. 

The top row of CH4 data is from the single sensor model, and the second row of CH4 data is from the multi 

sensor model. 

To explore the origins of the CO, we compared the complete CO and CO2 data from Site E2, see Figure 18. 

In this plot there is a much higher correlation between the two atmospheric constituents, suggesting a single source 

for the combustion by-products observed at Site E2. A reference ratio has also been added to this plot, that represents 

the expected CO/CO2 ratio based on the CARB emission inventory for the South California Air Basin; this ratio was 

calculated by researchers quantifying sources of methane over Los Angeles and this CO/CO2 ratio was found to be 

consistent with aircraft measurements [62]. As this site is not on a major roadway it’s reasonable that it would 

primarily experience well-mixed CO and CO2 levels consistent with levels seen throughout the basin.  



What about CO, where is it coming from?
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Figure 18: Complete CO2 and CO data from Site E2, with a ref. ratio based on the CARB inventory included, 

illustrating the similarity between the observed data and the expected CO/CO2 ratio for the LA area. 

3.4 Joining Sensor Data and Local Knowledge  

3.1.3 Additional Gas-Phase Sensor Data 

As previously stated, the additional sensor data was quantified and incorporated on an as needed basis. Table 

5 includes the summary statistics from the quantification of the CO2 and CO data, with the number of Pods or sensors 

being averaged in the final column. These uncertainties presented here are similar to those of other studies using the 

same sensors. Studies quantifying the CO2 sensor have found RMSEs of 10.1 ppm [56] and standard errors of 9.4 – 

16.8 ppm [30]. While studies utilizing the CO sensor have found RMSE’s of 0.10 ppm [45] and standard errors 0.28 

– 0.44 ppm [30]. Plots and more details are available in the supplementary.  

Table 5: Results of the generation and validation of models for the prediction of CO2 and CO 

 

3.4.1 A Preliminary Attempt  

As described earlier, in addition to sensor data, our community partners provided us with observational 

information from residents around the drill site. Our team was interested in whether or not this qualitative information 

could provide more context to the trends seen in the sensor data. And, yes, there are examples in the data of 

observations occurring concurrent to periods when elevated levels of CH4 and/or TNMHCs are also seen. For example, 

 Training Testing  

Pollutant R2 RMSE (ppm) MB (ppm) R2 RMSE (ppm) MB (ppm) n (Y-Pods) 

        

CO2 0.930 9.41 0.126 0.807 14.79 -8.49 4 
        

CO 0.841 0.11 0.002 0.603 0.09 -0.036 1 
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What about the other sites?
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negative values present in Figure 9c, as well as the values below the known baseline for methane, particularly in 

Figure 9a. Though there is an uncertainty of approximately 0.17 ppm for the CH4 models and 46 ppb for the TNMHCs, 

underestimations of this level are likely due to inadequacies in the models.  

To provide further evidence that the sensors were replicating expected environmental trends, we compared 

data from sensors to data collected through the MegaCities Project [13], see Figure 10. This figure illustrates how 

features in the diurnal patterns can vary by region and that these differences are also reflected in the sensor data. For 

10/5/16 – 10/6/16, we observed a distinct difference in the timing of when the CH4 levels increase to their nightly 

peak across the two sites; these increases were almost six hours apart with the increase in the CH4 at the CNP site and 

the C1 Site occurring first. The lag apparent in the USC data was also observed in our data from the R4 Site. The areas 

where these sites are located are separated by the hills that lie northwest of downtown LA making it reasonable that 

differences in topography and meteorology could drive different diurnal patterns on either side. It is also worth noting 

that differences between R4/USC and C1/CNP are not surprising given differences in siting conditions and locations 

as well as differences in the instruments. 

 

Figure 9: Hourly averages across deployment for all sensors (indicated in colors, with the exception of C1, 

which is indicated in grey), for the two methane plots, the averaged reference data, is indicated in black. 

Panel a – single sensor model for CH4, panel b – multi sensor model for CH4, panel c – multi sensor  

model for TNMHC 
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Average concentration by time of day at each site



How do we design an experiment?
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Comparison to co-location
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3.2 Overview of Spatially Deployed Sensor Data 

3.2.1 Variability Captured by Sensors 

Comparing co-located verses deployed sensors, shown in Figure 8, reveals the variability introduced when 

sensors are moved to field sites, even when those sites are relatively close at approximately 140 m apart, which is the 

difference between the E1 and E2 sites, on either side of the drill site. Furthermore, the differences, and similarities, 

in the deployed data are significant with both correlated and uncorrelated elevations in methane and TNMHCs above 

the expected uncertainties (0.2 ppm and 50 ppb respectively). The high degree of correlation between co-located MOx 

sensors seems to be a reliable characteristic of these sensors and makes them well-suited to detect and study spatial 

variability [56, 44, 31].  

 

Figure 8: Paired data for the two sampling sites near the drill site, with co-located data plotted in purple and 

deployed data in green; panel a – single sensor for CH4, panel b – multi sensor for CH4, and panel c – multi 

sensor for NMHC 

3.2.2 Spatial & Temporal Patterns 

Across the Y-Pods there are similarities in the temporal trends. Averaging each hour for the whole 

deployment reveals that both the CH4 and TNMHCs increase at night and decrease during the day (Figure 9). This 

fluctuation is driven by the planetary boundary layer that lowers at night, causing the accumulation of air pollutants 

that are emitted at the ground, and rises during the day, facilitating mixing, dispersion, and reduced concentrations. 

Figures 9a and 9b also include the reference CH4 data collected throughout the deployment. While this reference data 

was collected north of our deployment sites, we would still expect to see similar diurnal trends across all sites. 

Additionally, one Y-Pod (C1) was co-located with the reference instrument throughout the deployment; the 

concentrations shown for C1 most closely matched the reference data. While there is no reference TNMHC signal 

from the deployment, it is evident that this data also follows a similar diurnal pattern. It’s worth pointing out the 



Baseline removal
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Figure 11: Panel a – Original methane level estimates from three sites, Panel b – the same data with the 

baseline removed. All data was converted using the multi sensor CH4 model. 

Looking more broadly across all the Y-Pods, there appears to be a trend of lower correlation among Pods 

that are further apart and higher correlation for Pods closer together. Table 6 illustrates this (1) by comparing all the 

pods in the study area to the Y-Pod C1 at the reference site (across regions), and (2) by comparing the Y-Pods in the 

study area to one of the neighborhood pods, N5, (within neighborhood), and (3) by comparing the two Y-Pods at the 

extraction site less than 150 meters apart (across block). To further emphasize this point, both the correlation 

coefficient for the complete dataset and the extracted baseline are compared. Generally, the R for the pairs of baseline 

data is higher and the correlations increase as distance between Y-Pod decrease. These are two reasonable results, as 

the complete datasets include the short-term events which are more likely to differ between sites than the 

diurnal/regional trends.  We would also expect less variability in both datasets for Y-Pods close together as they will 

have more shared influences.  

Table 6: Average correlation coefficient between Y-Pod baseline data across varying spatial scales 

 

3.3. Sensor Data in Relation to Potential Sources  

 Single Sensor CH4 Multi Sensor CH4 Multi Sensor TNMHC 

 Complete Baseline Complete Baseline Complete Baseline 

Across regions 0.6891 0.7164 0.7157 0.7602 0.5976 0.5895 

Within 

neighborhood 
0.8103 0.8498 0.7359 0.8084 0.7173 0.7580 

Across block 0.9314 0.9867 0.8568 0.9527 0.8726 0.9741 
       

 

We used approach from …

Ruckstuhl, A. F., Henne, S., Reimann, S., Steinbacher, M., Vollmer, M. K., Doherty, S. O., & Buchmann, B. (2012). Robust extraction of 

baseline signal of atmospheric trace species using local regression, 2613–2624. http://doi.org/10.5194/amt-5-2613-2012 



Quantification model performance
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3. RESULTS & DISCUSSION  

3.1 Sensor Performance Quantification  

3.1.1 Quantification Model Results 

Table 4 summarizes the results of sensor quantification efforts for the two methane models and the non-

methane hydrocarbon model. When compared to quantification results from previous studies, the results are very 

similar suggesting consistency in the behavior of these MOx sensors. For instance, the average R2 and RMSE for the 

testing data for the three Y-Pods used in our previous study [34] were 0.740 and 0.177 ppm respectively. When this 

quantification is expanded to include the other 12 Y-Pods available the new averages are nearly unchanged. 

Comparing the results for the two multi sensor models reveals similarities as well. For CH4, the multi sensor model 

exhibits improvements over the single sensor model, which is the same outcome as was observed when the two models 

were applied to a different dataset [34, 37]. For TNMHCs, the average R2 is similar to those that resulted when sensors 

were calibrated to predict a summed VOC signal [37]. The RMSE’s for both training and testing datasets presented 

here are higher, however this is not surprising as the dynamic range of the TNMHCs (~300 ppb) is much higher than 

the range for the summed VOC signal (~30 ppb). The complete statistics for each individual Y-Pod are in the 

supplementary. 

Table 4: Resulting statistics from calibration model generation and validation, averages across 15 Y-Pods 

 

*MB – mean bias  

Figures 3, 4, and 5 depict the results for all Y-Pods and for each model for the collocations. From these plots, 

it is clear that there is little inter-sensor variability. These figures also help to illustrate the strengths and limitations of 

each model. For example, all the models seem to reproduce diurnal trends as well as some of the shorter-term peaks, 

but there is some underestimation of peaks, particularly for the multi sensor models.  

 Training Testing 

 R2 RMSE MB* R2 RMSE MB 
       

Single Sensor – CH4 (ppm) 0.812 0.153 0.001 0.737 0.178 0.025 

Multi Sensor – CH4 (ppm) 0.880 0.111 0.000 0.802 0.157 0.074 

Multi Sensor – NMHC (ppb) 0.598 31.15 0.011 0.458 46.35 7.62 
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Figure 3: Single Sensor model for CH4, the colors indicate individual Y-Pods, while the reference data is 

shown in black. The testing period is highlighted in yellow. 

 

Figure 4: Multi Sensor model for CH4, the colors indicate individual Y-Pods, while the reference data is 

shown in black. The testing period is highlighted in yellow. 

 

Figure 5: Multi sensor model for TNMHCs, the colors indicate individual Y-Pods, while the reference data is 

shown in black. The testing period is highlighted in yellow. 

3.1.2 Comparing Methods 

From the statistics presented above, it is clear that the multi sensor model provided improved methane level 

estimates; Figure 6 explores where these improvements occurred. Figure 6, panel a illustrates that the use of the multi 

sensor model reduced the underpredictions observed with the use of the single sensor model, providing a better 

estimate of the baseline. Additionally, the multi sensor model reduced some of the overpredictions, possibly caused 
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Performance DQO …



How well can the simple sensor array work for 
aromatic VOCs?



What about just benzene?



What about a broader suite of VOCs?



How do these quantification models work 
when VOC mixtures change?

Is quantification model performance changing with concentrations of other species?


