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[bookmark: OLE_LINK96][bookmark: OLE_LINK97]Figure S-1. Time series of solar radiation, air temperature, wind direction, and wind speed at 1 m (blue line) and 6 m (red line) above the ground, and Obukhov length (L) from June 1st to June 5th, 2020. The Obukhov length was calculated using 1 min 3D sonic data (YOUNG Model 81000 Ultrasonic Anemometer) at 6 m height. Data were averaged every 10 minutes. The time is MDT (Mountain Daylight Time). The meteorological sensor ATMOS 41 was in an adjustment period before June 1st, 9:00 AM, 2020. Thus, meteorological data from ATMOS 41 showed abnormal values before this time.
Figure S-1 shows the time series of solar radiation, air temperature, wind direction, and wind speed at 1 m (blue line) and 6m (red line) above the ground and Obukhov length during the experiments. In general, these meteorological variables showed a diurnal cycle. The solar radiation changed from as high as 1,000 W m-2 at mid-noon to 0 W m-2 at night. During the day (e.g., 10:00 AM-5:00 PM), air temperature at 1 m height was usually higher than at 6 m height, but it was usually lower at night (e.g., 7:00 PM-5:00 AM). Wind speed was higher during the day than at night, with a maximum wind speed of approximately 10 and 9 m s-1 at 1 m and 6 m height, respectively. The wind direction usually changed from northerly at night to southerly during the day. The Obukhov length was about -500 m to 500 m for most of the time.
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[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK506][bookmark: OLE_LINK507]Figure S-2. The surface CH4 mole fraction plots for the four experiments (Exp1–4). The red contour is 100 ppm CH4 mole fraction. The release rate is 0.08, 0.18, 0.27, 0.52 kg hr-1 of CH4 for Exp1-4 (Figure S-2a to 2d), respectively. 
Figure S-2 shows the surface CH4 mole fraction plots for the four experiments (Exp1–4). The area surrounded by a 100-ppm contour was used to calculate the area of surface expression. We assumed that the surface mole fraction is at least one time larger than the observed maximum atmospheric CH4 mole fraction (65 ppm at 0.5 m height) to represent the average conditions of the belowground release source for the four experiments. We also used 50 ppm and 200 ppm contours as the mapped surface area in the WindTrax model and found that the absolute percentage difference between the average surface CH4 emissions and the controlled release rate was about 26% and 29%, respectively. It was 27% using the mapped surface area surrounded by 100 ppm contour. Thus, the sensitivity was about 1–3% for the surface area using 50–200 ppm.
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[bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: _Hlk60919483]Figure S-3. Cumulative distribution frequency of 10-min averaged CH4 mole fraction at 1 m above ground for all experiments (Exp1–4).
Figure S-3 shows the cumulative distribution frequency (CDF) of 10-min averaged CH4 mole fraction at 1 m above ground for the four experiments, respectively. The CH4 mole fraction within the lowest 25% quantile was approximately constant, which was used to calculate the local background CH4 mole fraction for each experiment (Exp1–4) at the experimental site. 
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[bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK116][bookmark: OLE_LINK117]Figure S-4. The normalized CH4 mole fraction ((Cobs-Cb)/Qctr) and crosswind distance (Y) in the Pasquill-Gifford (PG) stability class A (extremely unstable) and E–F (stable), respectively. Cb is the background CH4 mole fraction (ppm), Cobs is the measured CH4 mole fraction (ppm), Qctr is the release rate (kg hr-1). 
Figure S-4 shows the normalized mole fraction with the crosswind distance in the Pasquill-Gifford (PG) stability class A (extremely unstable) and E–F (stable), respectively. Two periods of approximately two hours of constant wind direction (June 1st 1: 00 PM-3:20 PM, June 5th 6: 40 AM-8:00 AM, 2020) were chosen here to illustrate the characteristics of the plume (width and magnitude) under extremely unstable, and stable conditions. The data time interval was 1 min. We first calculated the average CH4 mole fraction binned by four-degree interval of wind direction for each period. Then, the crosswind distance Y (Foster-Wittig et al., 2015) was calculated by

where s is the measured distance from the leak center to the downwind measurement location,  is the wind direction difference between the wind direction at the actual measurement time () and the wind direction at the plume centerline (). The effective downwind region is within of  ().

The results showed a narrow plume with a larger maximum of normalized CH4 mole fraction in PG stability class E–F (stable) but a broader one with a lower maximum of normalized CH4 mole fraction in PG stability class A (very unstable). The maximum CH4 mole fraction was about 65 s m-3, and the plume width was 12 m PG stability class E–F. However, it was about 27 s m-3 and 16 m wide in unstable conditions in PG stability class A. 
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