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S1. Winds at the Ports 9 

 10 
Figure S1. A) wind speed, u, and B) wind direction, q versus Local Time (LT) for the Ports’ air quality sites using wind data 11 
1/2018-9/2022. Data key on panel A. See Fig. 1 for station locations. 12 

Air quality (AQ) station data were downloaded for the five port-area AQ stations, and time-resolved averages were 13 

calculated (Fig. S1). AQ data are hourly but spotty, with small to large gaps and other irregularities, including 14 

impossible values, such as negative wind speeds and wind directions over 360°. Data gaps and irregularities were 15 

replaced with NaNs (Not a Number). Then, NaNs were replaced by the nearest neighbor average if neither was a NaN, 16 

i.e., non-persistent data gaps or irregularities. 17 

Winds follow a diurnal cycle, with the weakest winds after midnight. Winds strengthen in the early morning, reaching 18 

a maximum at noon for the Harbor sites, at 15:00 for the Coastal site, and in between for other AQ stations (Fig. S1). 19 

Winds then decrease to a nocturnal minimum around midnight. Coastal winds (the Inner Harbor, Outer Harbor, and 20 

Coastal sites) are stronger than more inland winds. 21 

S2. Standard Instrumentation Suite (SIS) 22 

Table S1. Standard Instrumentation Suite (SIS) analyzers and sensors. 23 
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 24 
Coastal daytime winds are almost entirely west-southwesterlies. Further east and inland (the Source-dominated and 25 

Wilmington sites), the onshore daytime flow is more southerly. Nighttime winds are weaker than daytime winds and 26 

generally from the northwest to north-northwest for all AQ stations, although the Coastal site also features winds 27 

parallel to the coast (easterlies or westerlies). San Pedro winds are distinct from those at other sites with strong east-28 

to-southeast components due to wind forcing by the Palos Verdes Highlands. Inner Harbor wind patterns also differ, 29 
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slowly shifting from southeast to south to almost west during the day. Outer Harbor daytime winds slew from south 30 

to westerlies during the day. 31 

Surveys used a series of evolving platforms, AMOG Surveyor, SISTER, and SISTER2 (Fig. S2) (Leifer et al., 2016a; 32 

Leifer et al., 2016b; Leifer et al., 2018a; Leifer et al., 2018b; Leifer et al., 2019a; Leifer et al., 2019b; Leifer and 33 

Melton, 2021; Leifer et al., 2014). Currently, SISTER2 measures meteorology (3D winds, temperature, pressure, 34 

humidity), aerosol profiles, and aerosol size spectra (0.1-32 µm, 32 channels, 0.16 Hz). SISTER2 measures trace gases 35 

including d13CH4, d13CO2, CH4, C2H6, C3H8, CO2, CO, H2O, NH3, O3, SO2, NO, NO2, NOX, NOY, N2O, and H2S) and 36 

CO2, H2O at sub-ppm-levels. Current SISTER2 instruments and details are provided in Table S1. 37 

 38 
Figure S2. A) AMOG Surveyor on the Santa Ynez Ridge, Santa Barbara County, 29 Mar. 2019, B) SISTER on TMOG at 39 
the Port of Long Beach on 28 Apr. 2020, C) SISTER on TMOG2 on the Santa Ynez Ridge on 5 Sept. 2020, D) SISTER2 on 40 
TMOG2 at a northern California gas field on 31 March 2023, and E) at the California Polytechnic Research Dairy, San 41 
Luis Obispo, CA on 15 February 2023. 42 

AMOG Surveyor was a car-based mobile laboratory designed for satellite validation. This criterion required high 43 

accuracy at highway speed to cover multiple satellite pixels within a (3-4 hr.) atmospheric timescale. This timescale 44 

necessitates fast analyzers and large vacuum pumps, which are heavy and generate significant heat, requiring 45 

substantial electrical power and cooling capacity. 46 

The choice of an automobile was based on avoiding vehicle disturbance of the winds. However, automobile 47 

capabilities are limited in terms of power, weight, and are restricted to paved roads. The shift to a larger vehicle (truck) 48 

was based on moving the anemometer to a roof-mounted truss to place it outside the vehicle’s flow stream. The current 49 

SIS, SISTER2, is deployed in a full-size, hybrid pickup truck with a built-in 7.2-kW inverter generator. 50 

Nitrous oxide (N2O), sulfur dioxide (SO2), hydrogen sulfide (H2S), and propane (C3H8) detection limits are improved 51 

by periodically measuring zero air from an onboard Zero Air Gas generator (737-10, Aadco Inst., OH) or from an 52 

aluminum tank filled at the laboratory. Zero air is regulated to 2-3 psi by a low-pressure (0-25 psi) dual-stage regulator 53 

(44-226X-A42-010 TESCOM, Emerson, MN). 54 
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All sample lines, filter holders, solenoids for zero air switching, and tube fittings are perfluoroalkoxy (PFA) Teflon; 55 

filters are polytetrafluoroethylene (PTFE) Teflon. An air suspension frame achieves further signal-to-noise 56 

improvements for fluorescence and optical absorption analyzers by reducing vibrations. 57 

All data are integrated in real-time by custom code written in MATLAB, which provides a real-time display in the 58 

Google Earth environment to facilitate adaptive surveying. Adaptive surveying is where data visualization allows 59 

survey strategy modification to improve science outcomes (Thompson et al., 2015). Real-time data visualization 60 

enables targeted air sample collection in the atmospheric context. The real-time display also includes analyzer 61 

temperature and cell pressure, and, for some analyzers, flow rates to identify potential problems. Additional SISTER 62 

details are provided in the literature cited above. 63 

SISTER2 supports up to 96 1-L evacuated stainless steel canisters for lab analysis for a wide range of trace gases. An 64 

air pump pressurizes the air sample canisters with sample air from an inlet adjacent to the inlet of the other analyzers, 65 

at 3-m above ground to minimize traffic contamination. Sample canisters are individually and manually filled by 66 

slightly opening a bellows valve. Canister collection uses real-time data to collect. Real-time data visualization allows 67 

sample collection in the atmosphere’s frame of reference, with context provided by continuous SISTER data.  68 

Air samples are analyzed in the laboratory by a three-gas chromatograph analytical system with a range of detectors, 69 

including ECD (Electronic Capture Detector), FID (Flame Ion Detector), and MSD (Mass Spectrometry Detector). 70 

The system utilizes a state-of-the-art vacuum-line injection system and 6 column/detector combinations. See Colman 71 

et al. (2001) and Simpson et al. (2010) for a full description. 72 

S3. Emissions Derivation 73 

In situ emissions are based on filtered absolute winds, which are calculated from relative winds by accounting for 74 

vehicle motion and filtering transient wind measurements that may arise from other vehicles (trucks and buses) and 75 

near-road obstacles, such as trees, and non-physical jumps in GPS position. Emissions were modeled as a combination 76 

of point-source plumes and an area-source plume. 77 

Point source plume emissions are described as a Gaussian plume (Hanna et al., 1982), which relates atmospheric 78 

emissions, EA, to the concentration anomaly, C’, relative to ambient, C, wind speed, u, and the atmospheric turbulence 79 

parameters, 𝜎! and 𝜎", defined in a Cartesian coordinate system where x is the downwind, i.e., wind direction, q, y is 80 

the transverse direction, and z is the vertical coordinate, 81 
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where h is the release height (after buoyant rise). The second exponential term represents reflection off the surface for 83 

a non-sticky molecule, the third term represents reflection off the boundary layer at height BL, and the fourth term 84 

represents re-reflection off the surface. C’ is relative to the background concentration, C, which is based on the gradient 85 

of the concentrations outside the plume’s edges. 86 

Parameterization of 𝜎! and 𝜎" are: 87 

𝜎! = 𝑎(1 + 1018𝑥)19 ,⁄ ; 𝜎" = 𝑏(1 + 𝑐𝑥); , (S2) 88 
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with a, b, and c depending on the stability class (Briggs, 1973). The stability class (Table S2) is based on solar 89 

insolation, I, and u (Hanna et al., 1982). These turbulence parameterizations (Eqn. S2) are discrete (Tables S2 and 90 

S3), which introduces uncertainty in sy and sz, particularly at stability class transitions. To remove discretization 91 

distortions, a 2nd-order polynomial was fit to the turbulence parameters a, b, and c for each insolation class with respect 92 

to u. The polynomial fit then was evaluated for u to determine a, b, and c for all three insolation classes. Weak, 93 

moderate, and strong insolation classes were fit for I = 175, 500, and 800 W m-2, respectively. Given the coarse nature 94 

of the Pasquill classes, no effort was made to optimize. Instead, the center u for each class was used in the 95 

parameterization. 96 

 97 

Table S2. Parameters for atmospheric turbulence parameterizations for different stability classes* 98 

Class  a b c n Class Description 99 

A open 0.22 0.20 0 - Extremely unstable 100 

B open 0.16 0.12 0 - Moderately unstable 101 

C open 0.11 0.08 2x10-4 -0.5 Slightly unstable 102 

D open 0.08 0.06 1.5x10-3 -0.5 Neutral  103 

E open 0.06 0.03 3x10-4 -1 Slightly stable 104 

F open 0.04 0.016 3x10-4 -1 Moderately stable 105 

*from Briggs (1973). 106 

 107 

Table S3. Conditions defining Pasquill turbulence classes* 108 

u IStrong IModerate IWeak Night Night 109 

m s-1 >700 W m-2 350-700 W m-2 <350 W m-2 >1/2 Clouds <3/8 Clouds 110 

<2 A A-B B E F 111 

2 A-B B C E F 112 

4 B B-C C D E 113 

6 C C-D D D D 114 

>6 C D D D D 115 

*from Hanna et al. (1982). u is wind speed, I is solar insolation. 116 

 117 

The Gaussian plume model is for a passive dispersant and assumes negligible along-wind diffusion, that u, 𝜎!, and 𝜎" 118 

are vertically and horizontally uniform along its trajectory, that u fluctuations are zero, and that u remains parallel to 119 

the x-axis (no veering). These assumptions imply an idealized, flat terrain of homogeneous roughness. Violations of 120 

these conditions are common in terrestrial settings and can be addressed by model modification, e.g., Briggs (1973); 121 

Leifer et al. (2016a), the absence of topography and obstructions at sea implies that marine plumes generally satisfy 122 

the Gaussian plume requirements. 123 

The first step in deriving point source emissions is the Gaussian Data Model (GDM), which is applied to C’ after 124 

removing the background (including gradients) concentration by a first-order, least-squares linear regression analysis 125 
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fit to values outside the plume. C’ is projected onto a wind-orthogonal plane, and a least-squares linear-regression 126 

analysis fits one or more Gaussian functions. The Gaussian Plume Model (GPM) is the least-squares linear regression 127 

analysis that fits the GDM. 128 

The area source was modeled as a linear plume, which was allowed to diffuse vertically based on a Gaussian plume 129 

model. Lateral dispersion of the linear plume was neglected. 130 

In situ data fall into three classes: fast analyzers, slow analyzers, and discrete sample canisters. Plume structures (i.e., 131 

transport) are characterized by fast analyzer data, which allows spatial partitioning of slow analyzer data based on the 132 

fast analyzer partitioning (Leifer and Melton, 2021). Key is that both fast and slow gases are co-emitted and that the 133 

time of travel from source to SISTER is sufficiently short that chemistry does not alter concentrations significantly. 134 

Monte Carlo simulations assess the uncertainty of emissions and location. These MC simulations are based on 135 

measured parameter variability. Specifically, normalized distributions of parameters for the plume inversion model 136 

(wind speed, u, wind direction, q, ambient background gas concentration, C) are created with a standard deviation and 137 

mean based on in situ field measurements during the plume transect. For each Monte Carlo simulation run, plume 138 

emissions and source distance are optimized for the maximum correlation coefficient, R2, between the measured and 139 

modeled concentration anomaly, C’. The parameter distributions then are subsampled randomly as initial conditions 140 

for the plume inversion model. A total of 10,000 Monte Carlo simulations are run to calculate distributions of 141 

emissions and source distances. Uncertainty in emissions and source distance then is defined based on where each 142 

distribution decreases to 1/e of its maximum. 143 

S4. Airborne remote sensing by the Mako instrument 144 

Airborne remote sensing was acquired by the thermal infrared (TIR) imaging spectrometer, Mako (Fig. S3). Mako’s 145 

spectroradiometric performance is described in detail in Buckland et al. (2017) and is summarized in Table S3. 146 

 147 
Figure S3. Mako Thermal Infrared Imaging Spectrometer A) Schematic, B) Sensor installed on host aircraft. 148 

 149 

Table S3. Mako operating parameters. 150 

Parameter Specification 151 
Spectral coverage 7.57 – 13.16 μm 152 
Spectral resolution (128 channels)  44 nm 153 
Instantaneous field-of-view, IFOV 0.56 mrad 154 
Along-track FOV (128 pixels per frame)  4.1° 155 
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Base frame rate 3255 Hz 156 
Nominal operational frame rate (4 co-adds) 814 Hz 157 
Cross-track pixels (user programmable) 400 – 3600 158 
Cross-track field-of-regard, FOR (relative to nadir)  ±56.4° (max.) 159 
Noise-equivalent spectral radiance, NESR (10 μm, 4-frame averages)  <0.5 μW cm-2 sr-1 μm-1 160 
Noise-equivalent differential temperature, NEDT (10 μm, 300 K) 0.03 K 161 
 162 

S4. Port area sources trace gas profile 163 

The summary, non-normalized, composition profiles of the short-chain hydrocarbons except CH4 and aromatics are 164 

shown in Figure S4 in units of µg m-3 which emphasizes larger gases. Trace gas alkane profiles decreased with alkane 165 

number as a power law for some sources. In a logarithmic plot, a power law is well described by a linear fit. An 166 

example for mean background in Figure 4 is shown in Figure S5. 167 

 168 

Figure S4. Summary of major port area sources' A) air sample concentrations, <C>, for short-chain, saturated, and 169 
unsaturated non-methane hydrocarbons in units of microgram m-3 and B) selected volatile aromatic hydrocarbons. Data 170 
key on figure. 171 

 172 
Figure S5. Port-area, normalized, background concentration profile, <C>. Dashed line illustrates power law for C2-C7. 173 

Samples for each refinery were similar; for example, see Figure S6 for the Valero refinery. Several samples were 174 

determined to be outliers; see Figure S7. Specifically, samples #5016 and #5019 were identified as outliers. Sample 175 
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#5019 is exceptionally high in toluene, xylene, ethyne, and ethene; sample #5016 was excessively high in hexane and 176 

excessively (more than one standard deviation) low in many other species. For Storage (1Petro) samples (Fig. S8), 177 

aside from pentane for sample 1309, other species for the three samples were very similar.  178 

 179 

 180 
Figure S6. Valero refinery individual air samples, background, and average concentrations, <C>, for A) short-chain non-181 
methane hydrocarbons, B) selected volatile aromatic hydrocarbons, and C) ratios of alkanes/alkene, isomers of butane, 182 
C4H10, and pentane, C5H12, butene, C4H8, and pentene, C5H10, and select aromatics. methylcyclo is methylcyclohexane + 183 
methylcyclopentane; cyclo is cyclohexane + cyclopentane. Legend shows sample numbers. 184 

 185 
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  186 
Figure S7. Valero refinery individual air samples, background, and average concentrations for short-chain non-methane 187 
hydrocarbons and selected volatile aromatic hydrocarbons, and one standard deviation above and below the average. 188 
Yellow are outliers. Green are first-pass outliers that became non-outliers once outliers were removed from the averages. 189 
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 190 
Figure S8. 1Petro (Storage) individual air samples, background, and average concentrations, <C>, for A) short-chain non-191 
methane hydrocarbons, B) selected volatile aromatic hydrocarbons, C) Selected gas ratios. Sample #1314 is background. 192 
See Fig. S6 caption for data key. Legend shows sample numbers. 193 

Storage light alkanes generally decreased C2-C5, dropped to C6, and were relatively constant for larger alkanes except 194 

for sample #5924, which increased for C11 but not for the other samples. Sample #1309 did not decrease with n for 195 

alkenes, whereas the other two samples decreased, as did the average. Ethyne was comparable to ethene, but propyne 196 

was not detected. Storage light alkanes generally decreased C2-C5 except for sample #1309, which had significantly 197 

enhanced pentane; however, other trace gas values were similar. Also similar were the ratios. Thus, sample #1309 was 198 

not classified as an outlier. Sample #5924 showed cyclohexane was higher than cyclopentane, but decreased for the 199 

other two samples. The average showed that these were equal, but this decrease is similar to Port Industry. 200 

Only two Wastewater samples were collected, with one having extremely high methylcyclohexane (far higher than 201 

toluene), significantly higher than all other samples, but no xylene was detected. Hexane and heptane also were 202 

elevated in this sample compared to the other sample; however, the light alkanes were very similar, as were the alkenes 203 

C2-C4. One interpretation is that solvent use was captured in one sample; however, it’s unknown if this is typical. 204 

 205 
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 206 

Figure S9. Port’s proper individual air samples, background, and average concentrations, <C>, for A) short-chain non-207 
methane hydrocarbons, B) selected volatile aromatic hydrocarbons, and C) selected gas ratios. Sample 2122 is background. 208 
See Figure S6 caption for data key. Legend includes sample canister numbers. 209 

 210 

The composition profiles for the Ports’ samples generally were highly similar, with some small exceptions (Fig. S9). 211 

Sample 1316 featured higher propane than ethane, whereas ethane was higher than propane for the other Ports’ 212 

samples – perhaps from forklifts. Sample #1312 was enhanced in pentane. Sample #2115 decreased as a relatively 213 

weak power law from hexane to decane, whereas the other sample dropped more precipitously from pentane or 214 

heptane. Alkenes decreased with increasing n. Toluene was the strongest aromatic hydrocarbon, except for sample 215 

#2115, which was stronger than xylene. Sample #2115 also had higher methylcyclohexane than methylcyclopentane; 216 

other samples were the reverse. Higher methylcyclohexane than methylcyclopentane was found for Oil Wells and 217 

Refineries. 218 

Only two Calciner samples were collected, and were remarkably similar except for cyclopentane, methylcyclohexane, 219 

and methylcyclopentane (Fig. S10). As the ratio between the two samples was reversed between cyclopentane and the 220 

methylated versions, this could be a case where a process was methylating pentane and hexane, resulting in temporally 221 

varying composition.  222 
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 223 
Figure S10. Calciner individual air samples, background, and average concentrations, <C>, for A) short-chain non-methane 224 
hydrocarbons, B) selected volatile aromatic hydrocarbons, and C) selected gas ratios. Sample 1314 is the relevant 225 
background. See Fig. S6 caption for data key. Legend includes sample canister numbers. 226 

Overall variability between the Air Products samples was large, making outlier identification difficult (Fig. S11). Still, 227 

sample #2108 had too many trace gas concentrations as outliers. There was good agreement between samples for C2-228 

C5; however, larger alkanes showed greater variability. Still, most samples smoothly decreased from pentane to 229 

decane, i.e., there was no sharp falloff between C5 and C6, as seen for most other sources. High variability also is 230 

evident in the alkenes, with all samples decreasing with n, albeit with different concentrations and rates of decrease 231 

with n.  232 

 233 
Figure S11. Air Products individual air samples, background, and average concentrations, <C>, for A) short-chain non-234 
methane hydrocarbons, B) selected volatile aromatic hydrocarbons, C) selected gas ratios. Hollow bars are outliers (sample 235 
#2108). Sample #2122 is background. See Figure S6 caption for data key. Legend shows sample number. 236 
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 237 
Figure S12. California Sulfur Company individual air samples, background, and average concentrations, <C>, for A) short-238 
chain non-methane hydrocarbons, B) selected volatile aromatic hydrocarbons, and C) selected gas ratios. Hollow bars are 239 
outliers (samples #5016 and #5019). Sample #5020 is background. See Figure S6 caption for data key. Legend shows sample 240 
number. 241 

Ethyne and ethene were comparable for each sample, with several samples having propyne and 1,2-propadiene. As 242 

noted, ethyne and propadiene are byproducts of propane steam cracking, which would lower propane concentrations, 243 

i.e., consistent with propane being lower than butane and pentane. Depending on the sample, the highest aromatic 244 

concentration was benzene or toluene. Methylcyclohexane was highly enhanced in one sample. The alkane-to-alkene 245 

ratio increased with n for three samples, remained constant for one, and exhibited a zig-zag pattern for the outlier.  246 

Most trace gases for the Sulfur processor, California Sulfur Company, were similar except for sample #1310, which 247 

was enhanced for benzene, toluene, and xylene (Fig. S12). Sample #1308 was enhanced for ethene and ethyne, but 248 

was very typical for the other trace gases.  249 
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 250 
Figure S13. Wastewater treatment individual air samples, background, and average concentrations, <C>, for A) short-251 
chain non-methane hydrocarbons, B) selected volatile aromatic hydrocarbons, C) selected gas ratios. Background was the 252 
average of samples #1314 and #2022. See Figure S6 caption for data key. Legend shows sample number. 253 

 254 

Only two Wastewater samples were collected, with one having extremely high methylcyclohexane (far higher than 255 

toluene), much higher than all other samples from other sources. Additionally, xylene was extremely high, ~3 ppb 256 

(Fig. S13). Given the small number of samples, it was not possible to determine which was anomalous, although the 257 

background sample concentrations are more elevated in trace gases like methylcyclopentane and xylene than the 258 

Wastewater samples. In part, this is due to the normalization of the background sample, but it also suggests 259 

heterogeneity in the background (as well as the source), indicating that the single sample poorly characterizes the 260 

background. The same sample with elevated methylcyclohexane also had elevated hexane and heptane compared to 261 

the other Wastewater sample; however, the light alkanes were very similar between the two samples. There also was 262 

good agreement between ethene and butene for the two samples. It’s likely that the sample captured solvent use; 263 

however, it is unknown if this is typical.  264 

 265 
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S5. West Long Beach plume 266 

 267 
Figure S14. A) Port of Long Beach and B) West Long Beach in situ methane, CH4, and wind speed, u, TROPOMI satellite, 268 
mean, distance-weighted CH4, for super-sampling settings: easting and northing grid resolutions, 0.0005°, 0.0002°, 269 
respectively, averaging length, 0.016°, cutoff distance, 0.040°, and eccentricity, 1.25. Canister samples shown as big colored 270 
circles at collection location. Circle color indicates total volatile organic compounds (TVOC, all organic gases larger than 271 
ethane) as in the data key with sample number labeled. Also shown is the Gaussian plume model for CH4. 272 
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 273 

 274 
Figure S15. Sample canister locations and total volatile organic carbon (TVOC, defined as hydrocarbons larger than 275 
ethane) and in situ methane, CH4, collected 29 July 2023. Large bubbles are for air samples, sample number labeled, with 276 
color showing TVOC. Data key on figure. 277 

 278 

 279 
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Figure S16. Concentration, C, for selected chain, saturated and unsaturated non-methane hydrocarbons in samples for A) 280 
the Long Beach plume and background, and B) for selected aromatic hydrocarbons. C) Location of sample canisters. The 281 
color shows sample total volatile organic carbon, TVOC. Also shown is in situ methane, CH4, acquired 29 July 2023. Data 282 
key on panels. Legend shows sample number. 283 

  284 
Figure S17. A) Methane, CH4, winds, sample locations, and well map (white arrow shows cluster referenced in the text), 285 
collection date 8 Mar. 2023. The large color balls show sample total volatile organic compounds, TVOC. Data keys on figure. 286 
Sample numbers labeled. Legend shows sample number. 287 

S5. Google Earth Archive  288 

The Google Earth archive, “PortsEmit_Pt3_VOC(10Jan2026).kmz,” contains the data and satellite product presented 289 

in this manuscript, version 7 January 2026. Specifically, the archive (Fig. S18) includes the locations of all major 290 

industrial sites in the ports and nearby areas and the locations of the six port air quality stations. The archive includes 291 

the airborne remote sensing detections (Fig. 2), air sample canister TVOC and location (Fig. 3) used in the analysis, 292 

and Long Beach plume in situ data (Supp. Fig. S15). The TROPOMI satellite super-sampled data product also is 293 

included (Fig. 9). 294 

The Google Earth archive uses where appropriate, time information, which allows the time slider to constrain the 295 

visualization to specific surveys.  296 

 297 
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 298 
Figure S18. Google Earth archive’s Places Panel of main directories of the data used in this study. 299 

 300 

The Mako data (Fig. 2) in the archive (Supp. Fig. S19) are labeled by the acquisition date (year – YY, Month – 301 

MM, and day – DD), and shows the specific trace gases and their source locations identified. 302 

 303 
Figure S19. Google Earth Archive Places Pane of Mako directory. 304 
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 305 

The in situ winds, CH4, CH4’, and C2H6, data are presented in directories for each survey data (year-YYYY, month-306 

MM, day – DD) for each level 1 data product data (Supp. Fig. S20). 307 

 308 
Figure S20. Google Earth archive’s Places Pane of in situ data directory. 309 

 310 

 311 
Figure S21. Google Earth archive’s Places Pane of air samples and total VOC. 312 

 313 

The super-sampled TROPOMI satellite products used in this study were named according to the convention of the 314 

Platform (TROPOMI), satellite product (CH4), region (SCal- Southern California, LA-Los Angeles), longitude, and 315 

latitude gridding resolutions, averaging length scale, distance cutoff, and eccentricity, followed by the read (ingestion), 316 

gridding, plotting algorithm versions: read version, rv, grid version, gv, plotting version, pv, respectively, and the 317 

plotting date. Color scale limits are specified in the note for each data product: The directory for the super sampling 318 

shows the gridding latitude and longitude limits and contact information. 319 

The specific data product used was the median. The satellite gridding directory includes the color bar limits used in 320 

Figure 9 and Figure S14. Version number is for the google earth algorithms. 321 
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 322 
Figure S22. Google Earth Archive Places Pane of TROPOMI satellite super-sampled gridding products and notes. 323 

S6. In situ data archive  324 

The in situ data are provided in the file, “SIS_20190711_202601231407_L1_v0.9.zip” as separate ASCII files for 325 

each survey date (Fig. S23). Each survey presents the data as Time in UTC, longitude and latitude in degrees, WGS84, 326 

altitude in meters, and dry methane, CH4, in ppm, carbon dioxide, CO2, in ppm, and water vapor, H2O, in ppm, 327 

followed by meteorology data, temperature in degrees centigrade, wind components northing speed, Wind_u, and 328 

easting speed, Wind_v, in meters per second. 329 

 330 

 331 
Figure S23. In situ data archives. 332 

 333 
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