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Jacob et al. 2022

Current instruments for observing methane from space

With this talk, we are 
shifting gears from 

point source imagers 
to area flux mappers

2



Jacob et al. 2022

TROPOMI
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Our research questions:
1. What were O&G methane emissions from 2019 to 2024, both at the federal and 

state-level? What were the year-over-year trends?


2. Do the data suggest any emissions impact from federal and state-level policies?
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+

=

Prior knowledge,  X Spatially varying correction,  ζ ∼ N(0,Q)

Optimized emissions estimate, s
EDGAR v8, GHGI, GCP, WetCHARTs 

β×

Regional inversions with a geostatistical inverse model
Main idea: use satellite observations to update our prior knowledge of emissions
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TROPOMI data are used 
to estimate  and β ζ

Uniform 
correction



β× +

Regional inversions with a geostatistical inverse model
Main idea: use satellite observations to update our prior knowledge of emissions

Uniform 
correction

June 1, 2024
June 2, 2024

June 3, 2024…
Prior knowledge,  X Spatially varying correction,  ζ ∼ N(0,Q)

Optimized emissions estimate, s

This is done for 
daily fluxes!

EDGAR v8, GHGI, GCP, WetCHARTs 

=
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TROPOMI data are used 
to estimate  and β ζ



Regional inversions with a geostatistical inverse model
Main idea: use satellite observations to update our prior knowledge of emissions

Optimized emissions estimate, s
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Validation: compare  to towersh(s)
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 = simulated concentrations 
at tower locations resulting from 
optimized emissions, 
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Year-over-year trends: O&G emissions and emissions intensity

CONUS trends from 2019 to 2024:


• 3.5 [1.6, 6.2]% decline in O&G methane 
emissions


• 11.1 [9.3, 13.6]% decline in energy 
normalized emissions intensity 


• 8.5% increase in energy production

Here we define emissions intensity as:

Intensity =
O&G methane emissions

Combined energy equivalent of 
produced oil and gas

Perhaps unsurprisingly, we see no large 
drop in emissions after onset of federal 
emissions policy
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Year-over-year trends: O&G emissions and emissions intensity

Declining intensity in both our satellite 
inversion and the GHGI:


• Our inversion: 11.2 [9.1, 13.0]% decline 
from 2019 to 2022


• GHGI: 6.7% decline from 2019 to 2022

However, GHGI continues to underestimate 
emission magnitude relative to inversions


• Our emissions estimate is 17% higher 
than the GHGI, averaged over 2019-2022


• Emissions estimates from other studies are 
33% to 100% higher than GHGI
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Average methane emissions over 2019 - 2024

We see regional differences in emissions magnitude and trends.


Any relationship to regional emissions targets or policies?
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State-level O&G emissions estimates vs. inventories
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Presence of a GHG emission 
reduction target correlates with 
bottom-up vs. top-down agreement


Two possible explanations:


1. More state-sponsored emissions 
measurements in CA and CO


2. CA and CO both use custom 
emission factors for some sources 
that differ from EPA’s factors

÷
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Presence of state-level GHG targets has not yet translated 
into clear emission reductions 
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Relative emission reduction is similar 
between target states and non-target states:


• 1.0 to 2.6% decline in states with GHG 
reduction target


• 0.6 to 1.5% decline in states without 
GHG reduction target

Texas drove reduction in non-target states, 
with a 14 [13, 15]% decline in O&G methane 
emissions from 2019 to 2024
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Presence of state-level GHG targets has not yet translated 
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Decreasing trend in Texas is likely a result of 
new pipeline capacity in the Permian basin 
that came online between 2019 and 2024
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Texas drove reduction in non-target states, 
with a 14 [13, 15]% decline in O&G methane 
emissions from 2019 to 2024



Conclusions
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Paper

Chen et al. (2026). 
Communications Earth & 

Environment 

• 3.5% decline in O&G methane emissions and 11.2% decline in 
emissions intensity from 2019 to 2024.


• Our estimate for CONUS is 17% higher than GHGI.


• Presence of GHG reduction target a strong predictor for state-level 
bottom-up vs. top-down alignment.


• However, presence of GHG reduction target has not yet translated 
to clear emission reductions.
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Questions? Ideas? 
wdanie16@jh.edu


