IM| Description and Capabilities

IM| users can:

- Quantity natural and anthropogenic emissions (and uncertainties) for a
region of interest:

- States, countries, continents

- Wetland regions

- Oiland gas basins

- Agricultural areas

- (Cities, landfills
- Compare emission inventories/reports with satellite data
- Monitor emission trends and identity drivers
- Investigate the global methane budget

without needing expertise in inverse modeling or high-performance computing



Methane flux inversions with TROPOMI| satellite observations
Improve on prior bottom-up inventory using Bayesian statistics

. . Compare .
Predicted concentrations Observed concentrations
Inversion e

Atmospheric
transport model

Analytical solution with closed-form error characterization



IMI Preview Capability
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Continuous emission monitoring
Applications to US oil and gas basins and Turkmenistan
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M =number of 2D emission elements to be quantified in the inversion (“state vector”)
N = number of TROPOMI observations available per week (mean + standard deviation)

Varon et al. in prep



Continuous emission monitoring

Applications to US oil and gas basins and Turkmenistan
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Varon et al. in prep



Continuous emission m
Permian Basin (2019-20

Quantity oil & gas emissions/

onitoring:
23)

ntensity trends

 [MI 2.0 continuous monitoring (Kalman

filter feature):

* Five years of weekly Permian emissions

(2019-2023)

» Combine with Enverus production data

* Insight: Permian methane |

ntensity (avg.

4%) is decreasing, but the ¢
driven by production

ecrease Is

» Error characterization by inversion

ensemble

Varon et al. in prep
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National emission monitoring: Turkmenistan
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IMI 2.0 continuous monitoring supports diplomatic
activities of the UNEP International Methane Emissions
Observatory (IMEO)

» 4years of weekly IMI runs (2020-2023)

Compa

e with independent point source data

ota

- methane emissions strongly correlated with

sums of point source detections (panel ¢, left)

Varon et al. in prep



Quantitying national emissions: CONUS
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Quantitying national emissions: CONUS

CONUS 2023 annual mean sectoral emissions
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Quantiftying national methane emissions globally

Regional inversions tiling the world Prior emissions updated with Up to 25 km resolution
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Understanding the glob
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Quantitying city-level methane emissions (12-km resolution)

TROPOMI

Los-Angeles
B ' 5

Posterior methane emission

Posterior methane emission

25-km resolution

Facility type
-0 Landfill

O Petroleum & Natural Gas Systems \

12-km resolution

Quantity urban emissions

% » Comingin IMI 3.0: 12-km
resolution

» Used here to quantify urban

Jrior | |
Posterior =

emissions at high resolution

| Total: anthropogenic+natural

|

Landfill
Downstream Gas

Wastewater » Hotspots in satellite-based
OtherAnth

Agriculture emission estimates
Midstream Gas
Upstream Oil&Gas

This study (blended)
This study (operational)
Nesser et al. (2024)

correspond with landfills,
downstream gas

Wang et al. in prep.
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