Quantifying methane emissions from individual coal mine vents with GHGSat-D
satellite observations
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Introduction Time averaging of GHGSat-D coal mine observations Retrieving source rates

»  GHGSat-D was launched in June 2016 as demonstration
mission for a constellation of small satellites aiming to quantify

» Time-averaged observations have lower background noise than instantaneous »  Four methods for retrieving source rates:

individual methane point sources from space by observing v ) Gaussian plume

observations
»  Assuming normally distributed errors and constant emissions and ventilation, 0. Q = UAQ(z, ) (mgy(x)eaay<m>
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them in the shortwave infrared (SWIR) at fine spatial resolution inversion metho

averaging N observations reduces noise by 1/,/N in the aggregate
»  The design goal for column precision is 1%-5% on pixels of
resolution <50 m over ~10 km domains; this can usefully

»  Actual improvements are smaller, because errors are systematic and emissions Source pixel

and ventilation are variable

AQ mass balance
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quantify methane point sources down to 0.3 tons h-1 (75% of method
United States GHGRP sources) from a single observation’ »  We rotate individual observations by an estimate of the local wind direction - |
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background, with strong correlated errors in the retrieved wind crection endstaci them may be lost in the aggregation
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column density fields, but GHGSat-D can still detect some »  We use wind direction data from meteorological databases like the NASA GEOS-FP reanalysis* and Weather Underground? PRPEATE N Ve 0= ‘o= Y g = Yess iAQjAj enhgmement
strong point sources from a single observation? 0.07 ! L L= method (IME)

. . : . . . . Camden’ 0.06
» Time-averaging of multiple satellite observations can improve 10

»  Gaussian plume inversion method fails because the plumes are
0.05 not Gaussian
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signal-to-noise, allowing smaller point sources to be resolvea

than would normally be possible from a single observation?

0.04 3 »  Source pixel method fails due to large uncertainty in transport
»  We use time-averaged 0.03 %o and turbulent diffusion at the pixel scale
GHGSat-D observations . .
. ) 0.02 »  Time-averaged wind speed is computed as the mean database
to quantity methane , . .
quantity e S 001 0 m wind speed across all observations, and converted to
emissions from three coal | o - — foct . e
. . . Background image: Google Earth Pro" - Baclg_g__réhnd image: Google Earth Pro e eCtlve Wlnd Speed Ueﬁ: US|ng O
mine vents in Australia, - Al 0
. : Figure 3: Time averaged methane plumes from the Bulianta, Camden, and San Juan coal mine vents . — —1
China, and the United ° ° P IME: Uep = 1.110g(U10) + 0.6 m s

States Cross-sectional flux: Ug=13U10 ms*

OptImIZIng Wlnd dlreCtIOn tO enhance Slgnal »  Table 2: Source rates (kg h-1) by site and retrieval method
Obse rvatiOnS Bulianta Camden San Juan

»  We find substantial differences between GEOS-FP modeled wind 0027 GEOS‘MESOWGSt wind direction resicluals IME 1650 2650 1500
A wind direction pad
directions and measured wind directions at 10 U.S. airports® —— Normal distribution: 1 - 4 deg, o - 49 deg Cross-sectional flux 2300 3900 2100
»  GHGSat-D has observed the Bulianta mine in China (Inner . . . . . L i i - 7 _ 8
. L . ( »  In light of this and to enhance signal, we optimize the wind directions ~ °°"" Previous estimates  None  1000-10,800 360-2800
Mongolia), the Camden mine in Australia (New South Wales), O used in time averaging by minimizing the following cost function: 2
and the San Juan mine in the United States (New Mexico) NI by S S ' g
2 0.01 —
between 10 and 25 times each since launch in 2016 5 .
IME — IME,pa o : Conclusions
J(0) = (0 —0a)" S, (0 — 0a) -
O 0.005 —
E »  Aggreqgating observations from multiple overpasses improves
»  This finds the set of wind directions 6 that maximizes integrated mass GI?I%SQ D,g il y | P tE P
enhancement (IME) in the time-averaged observation while 0 at-L's ability to quantily coal mine methane emissions
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minimizing the departure from prior wind directions obtained from A wind direction (degrees »  Source rates retrieved with the IME and cross-sectional flux
meteorological databases Zi,gur: 4: Residuals between modeled and measured winc methods are consistent with previous estimates
E irections
0.07 »  Rotating observations with optimized wind directions helps
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| o o oreserve plume signal in the time-averaged observation

Figure 1: Example GHGSat-D observations of the San Juan mine. Some show strong
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instantaneous signals (left), others show no obvious signal (right).
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Figure 5: Time averaged methane plumes from the three coal mine vents after optimizing wind directions. Source location marked by white dot.
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