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» Funded activity: Methane emissions from TROPOMI and AVIRIS/EMIT data
» NASA CMS (Colorado and Permian)
» NASA ECIP-ES (Permian and USA)
» US GHG Center

»We would like to provide pre and post analysis support to AIRMAPs



» Indense point source fields, there are sources under the plume.
» We need to account for their effect on plume emission rate.

EMIT Methane Plumes (Thorge, 2023)



Inventory or
atmospheric
flux inversion

» Area estimates are the emission averages over large temporal and spatial intervals.

EMIT Methane Plumes (Thorrfe, 2023)



A WRF-CHEM Transport Run with 10 Point Sources

» Coarser resolution instruments observe fewer plumes with a higher emission rate.



Permian Basin image (Google Earth)

» Both area emission and plume counts scale with

activity in oil and gas point source emissions fields.
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Yics = Tics * Ris * Tic * Les

1 : Plume instrument index
s : Sector component index
¢ : Emission grid cell index

Yics: Sum of plume emissions rate
T .. Total emissions

Tis : € [0, 1], plume fraction

K;s . Periodicity correction

* Nic : Sampling

» We derived a statistical relation between area estimates and plumes.
» This forward model is the critical component needed for cross evaluation and plume
assimilation.



Area Estimates
Plume Instruments’ Weekly Sampling (AVIRIS-NG)

th (202
CarbonL\VIa%rpe§ 223)

2019 Survey

Varon (2023) 8



Sampling is important: The
constant EDF inventory varies
weekly after applying the plume
sampling.

» Strong agreement between plume and TROPOMI estimates after applying forward model.



» Strong agreement between plume and TROPOMI estimates after applying forward model.
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(Prior) (Posterior)

» After plume assimilation, EDF inventory agrees with weekly TROPOMI flux inversion.
» Strong improvement in weeks Oct-11, Oct-18, and Oct-25 due to better plume
constraint (both ANG and GAO observing).



Spatial Distributions of 6-week Average Methane Emissions

EDF Inventory EDF + TROPOMI EDF + TROPOMI + Plumes

» Plumes have better spatial specificity than area estimates, and thus provide better fine-
scale constraint.



Summary

Relating Multi-Scale Plume Detection and

Area Estimates of Methane Emissions: A

* We have shown that we can combine TROPOMI
inventory and facility-scale sparse plume o
observations to estimate methane emissions at Motthn D. T Daril J oo and Kei W, Bowmar

h M ° . tJet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA
fine resolution (manuscript under review at EST).
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Theoretical and Empirical Analysis

* We are funded to develop and demonstrate this
algorithm for Permian and Colorado usin g ot @ 2o s
TROPOMI-AVIRIS (NASA-CMS) and using B
TROPOMI-EMIT (NASA-ECIPES) for USA.

* We would like to use this new capability to E]E]
provide pre and post analysis support to A A
AIRMAPs. R
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EMIT Methane Plumes (ThorBle, 2023)



Figure: Hourly averaged methane emissions for the study area estimated by Fayetteville Shale

Vaughan et al. (2018) PNAS
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