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Carbon Mapper
• Carbon Mapper the non-profit: public good mission to 

deliver actionable CH4 and CO2 data

• Carbon Mapper satellite program: public-private 
partnership to build and operate satellite constellation

• Phase 1: Launch 2 satellites in 2023 

• Phase 2: Goal to expand constellation to enable daily  
to bi-weekly monitoring in coming years

• Goal: track 90% of high emitting CH4 & CO2 point 
sources at facility scale globally

• Rapid leak detection service from Planet  

• All quantitative CH4 & CO2 emissions data             
publicly available from Carbon Mapper

• Continuing airborne surveys prepare                      fn.    
for and support satellites

Science

Integration

TechnologyPolicy PolicyTechnology



Emerging system of systems for methane monitoring 

• Two primary types of monitoring
• Type 1: aggregate accounting, inventories
• Type 2: direct mitigation guidance

• Rapid technological progress
• Many diverse actors
• Some major pilot projects

• Barriers to operationalization
• Timeliness (latency)
• Completeness (space, time)
• Data accessibility, transparency
• Stakeholder awareness, capacity
• Finance (scale-up and sustain)

Multi-tiered Observing System & Analytic Framework*

Satellites (point source imagers & area flux mappers)

Aircraft 

On-site surveys
Surface, near-Surface Sensors

(fenceline, well pad, drones)

No single system can measure all methane 
emissions; need a portfolio of methods

*over 10 years of research by Carbon Mapper scientists, funded by NASA and other agencies



Methane emissions at different scales
(Southwest Pennsylvania example)

Regional Emissions1

Net regional emissions:       113,000 +/- 32,000 kg CH4/hr
Point source emissions:    65,000 +/- 26,000 kg CH4/hr

kg
CH

4/
hr

1Regional flux inversion using Sentinel 5P/TROPOMI satellite observations    2Point source imaging spectroscopy (e.g., ASU Global Airborne Observatory, NASA AVIRIS-NG) 

High-emission point sources2

Cusworth et al., PNAS, 2022
Net Regional Emissions

High-emission point sources + Area Emission Sources

July 15, 2020
19:19:12 UTC

July 23, 2020
20:09:53 UTC



NASA remote sensing technology detects and 
quantifies strong CH4 and CO2 point source emissions

CH4 plume detected from oil & gas infrastructure

Imaging 
spectrometer

High-spatial resolution means infrastructure level 
quantification (few meters resolution)

CO2 plumes detected at refinery

Flare detection
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Airborne Methane Surveys
2016-2022

• Two aircraft (AVIRIS-NG and GAO)
• Over 7,000 flight lines, 700,000km2, 8000 plumes
• 21 US states, 5 Canadian provinces

Map includes CH4 campaigns funded by Carbon Mapper, NASA, U. Arizona, CARB, RMI, EDF, others

Duren et al., 2019, Nature

• Super-emitter activity is common in 
Energy, Waste and Ag sectors

• Low-hanging fruit for mitigation



Lessons from multi-
scale studies

• Small number of high emission 
sources >10 kg/h contribute 20-60% 
of net regional emissions

• Monitoring systems must account for 
intermittency & variability

• Highly skewed distributions also seen 
with offshore oil & gas production
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Cumulative distribution of plume emissions across basins

Methane emissions (kg h-1)

SJV: Summer 2020
Permian: Fall 2019
Permian: Summer 2020
Permian: Summer 2021
Permian: Fall 2021
Uinta: Summer 2020
DJ: Summer 2021
DJ: Fall 2021
Marcellus: Spring 2021

Cusworth et al, 2022

Uinta 2020
California
2016-2020

Denver-Julesburg 2021

San Juan 2015

Permian
2019-2021

Pennsylvania, NE, 
Ontario 2021

Gulf Coast

red pins = high emission  point sources

Ayasse et al., 2022



Environ. Res. Lett. 15 (2020) 054012 D H Cusworth et al

Figure 2. Reduction in methane emissions over intermediate cover slopes at the Sunshine Canyon Landfill. The top left panel
shows the methane retrieved by AVIRIS-NG during its October 2016 overpass. The top right panel shows the reduction in
methane concentration by the time of the October 2017 AVIRIS-NG overpass, due to the installation of Closureturf, Posi-Shell,
and vegetative cover on intermediate slopes. The bottom panel shows the trend in odor complaints and AVIRIS-NG IME
estimates during the California Methane Survey. Methane IMEs were jointly reduced with odor complaints as landfill
improvement measures were implemented.

March–December 2017, several types of remediation
efforts were installed on intermediate slopes: Clos-
ureTurf™ (impermeable polyethylene plastic layer
with an additional artificial grass layer on top),
Posi-Shell™ (cement, bentonite, fiber spray mix), or
enhanced vegetative cover (SCL 2017b). A system
of landfill gas collection pipes was placed above the
existing intermediate cover and below the imper-
meable plastic layer to capture gas in the area of the
ClosureTurf™. Additionally, both horizontal and ver-
tical wells were installed to capture LFG through-
out the landfill. These remedial measures enabled the
landfill operator to increase the vacuum to the landfill
gas collection system in the impacted areas.

Figure 2 shows the AVIRIS-NG overpass dur-
ing October 2017, after most of the infrastruc-
ture improvements had been installed. The methane
concentrations across these slopes are dramatically
reduced compared to the October 2016 overpass.
Figure 2 also shows the time-series of odor com-
plaints plotted alongside monthly-averaged AVIRIS-
NG IMEs during various overpasses between 2016–
2017. We show IMEs instead of emission rates as the
plume length (L) is small, which is a known limitation

of the flux quantification method of equation (2) for
small plumes (i.e. L ! 0, Q !"; Varon et al 2018).
Both datasets show the same trend in figure 2—odor
complaints and methane drop off immediately as
infrastructure is improved. Captured LFG flow was
also reported by Sunshine Canyon Landfill to increase
during this time period (SCL 2017b).

To optimize future LFG collection, Sunshine
Canyon piloted a new design innovation for waste
cell construction (SCL 2017a). During the construc-
tion of a new waste cell’s bottom liner system, oper-
ators placed 5.5 # 5.5 # 3.7 m3 rock filled baskets
(called gabion cubes) along the bottom of the cell
and tied these cubes directly to the leachate collec-
tion system. Vertical LFG wells are installed and tied
into the gabion cubes after several layers of waste
are deposited over the cubes. The gabion cubes are
designed to improve upon standard landfill opera-
tions by enhancing collection of LFG and drainage
of leachate directly into leachate collection system
(SCL 2017a), and by allowing continuous drainage of
liquids that may accumulate in the vertical LFG col-
lection wells. Typically, to avoid potential damage to
the liner system, LFG wells are generally not installed
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California experience: >1.2 million metric tons CO2e 
methane eliminated through voluntary repairs by operators

Landfill leak repair

Natural gas pipeline leak repair 

Duren et al., in prep

July 15, 2020
19:19:12 UTC

July 23, 2020
20:09:53 UTC

Oil well leak repair 



Solid waste sector: high potential for methane mitigation
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First California Methane Surveys 2016-2017
• Repeatedly sampled over 400 active and 

inactive MSW landfills & composting facilities 
• High emission point sources at 32 of facilities 

(contributing over 40% of surveyed emissions)

US-wide: Strong point sources 
observed at >50% of surveyed 

active MSW landfills

Coverage and detection (3+ revisits 
2016-2022) of all GHGRP-reporting landfills



Carbon Mapper satellites will enable sustained, global 
monitoring for unprecedented methane awareness



Data availability and transparency
data.carbonmapper.org

• All airborne CH4 data since 2016 available on public portal (nearly 8000 CH4 plumes to date)
• Methods validated with independent observations and controlled release experiments
• Carbon Mapper: quantitative, quality-controlled CH4 and CO2 data from satellites and aircraft within 90 days
• Planet: qualitative leak detection service within 72 hours

https://data.carbonmapper.org/


Suggested methane focus areas 
for California

1. Waste sector: landfills, waste diversion facilities
2. Co-pollutants: Local health and EJ impacts 
3. Methane leakage: monitor & manage for all sectors



Thank you

for more info please visit
carbonmapper.org

www.planet.com/carbon-mapper
ww2.arb.ca.gov/our-work/programs/california-satellite-partnership
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https://carbonmapper.org/
http://www.planet.com/carbon-mapper


Initial indications of methane reductions in the LA basin

Independent monitoring of SoCAB regional emissions

Yadav et al., in review
Translates to ~ 7% reduction in SoCAB total emissions

~8% reduction in SoCAB total emissions

Reported repairs of high-emission leaks



Many smaller sources (net: 1500 kgCH4/hr)

Example: Net Emissions (3000 kgCH4/hr)

Super-emitter 1 (50 kgCH4/hr)

Super-emitter 3 (1000 kgCH4/hr)
Super-emitter 2 (450 kgCH4/hr)

1 kgCH4/hr ~ 1.3 Mcf/d (pure methane)

2  general categories of CH4 emissions that can influence 
monitoring and mitigation strategies 

“super-emitter” refers to a heavy tail distribution of highly condensed point sources (typically 10-100 kgCH4 /hr)

High emission point sources
• ~20-60% of net emissions from < 1% of infrastructure
• Spatially condensed (typically < 10 meters)
• Individual sources typically >> 1 kg/hr
• Active oil, gas, coal production; NG transmission and 

distribution; some landfills and waste water plants; CAFOs
• Root-causes: randomly occurring leaks/malfunctions and 

planned but wasteful operations 
• Mitigation: “locate and fix outliers”

Area emissions
• Rest of the net emissions from the remaining infrastructure
• Spatially diffuse (typically kilometers) and/or cumulative 

manifestation of many low emission sources
• Fluxes (units g/m2/year) and individual sources << 1 kg
• Abandoned wells and mines, enteric fermentation, rice 

cultivation, most waste streams, wetlands, most biomass 
burning, cumulative impact of residential NG use

• Root-causes: widespread issues w/infrastructure, practices
• Mitigation: “resolve systemic issues”

Balance of point sources and area emissions 
varies by region; need to address both


