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The NAS report highlighted the possible importance 
of urban / end-user emissions of natural gas

• Limited data indicate that natural gas emitted from urban areas may 
be a significant fraction of losses from the upstream value chain.

• Emissions arise from all components
Metering & Regulation
Distribution Infrastructure
“Beyond the Meter”: pipes, appliances, equipment.

industrial, commercial, residential.
• Nobody has ownership. 
• Many sources are scarcely characterized.



Harvard Forest 
30 m (8 levels)
Aug 2012 - Present

Boston Univ 30 m

Copley 
215 m (4 corners)

Northeast Measurement Network: 
Measured Urban Emissions in Boston Metro

90 km

Continuous measurements of methane and carbon dioxide 
since 2012



Boston Metro 
Network Measurements
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Boston Metro 
Natural Gas Emissions

• 90 km radius
• 7 million people
• Network with 6 yrs of data
• Annual losses 2% of inflow

$100 million/yr wholesale

• Urban Methane +25 ppb     
( 1.2%), afternoon @215m. 

• 100% natural gas in winter  
70% in summer ( ethane)

Source:  McKain et al., 2015

Emission Field Excess Methane 

Copley
215 m

Ethane-
Methane

Loss fraction



Methane and Ethane Measurements in New York City
Paul Shepson (Purdue)
Cody Floerchinger
(Harvard)

Methane (ppb)

Methane excess downwind 
of NYC: 2 – 6% 

Upwind

Down-
windPurdue ALAR



Biogenic Enhancement

0.021% 
Pipeline Ratio

Methane and Ethane 
Measurements in New York City

Ethane – background subtracted (ppb)
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Methane Emissions Footprints Methane “Total Column” Observations

Landfill: 1.1 tons/hr

Emissions of methane from natural gas infrastructure and end use, and from 
landfills, increases the amounts in the atmosphere.  

The “total column” amount changes by a small fraction (0.1 -0.5 %).

Slide: Taylor Jones, Harvard University
Observations and Model, Indianapolis
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MethaneSAT

EDF Announces Satellite Mission to Locate and Measure Methane Emissions
A collaborative vision designed to build better science, accelerate global 

reductions in oil & gas methane emissions 

Environmental Defense Fund President Fred Krupp today announced 
plans to develop and launch a new satellite purpose-built to identify and 
measure methane emissions from human-made sources worldwide, 
starting with the oil and gas industry. Data from MethaneSAT is intended 
to give countries and companies robust data to spot problem areas, 
identify savings opportunities, and measure their progress over time.

MethaneSAT data will be freely available to stakeholders and the public.

11 April 2016



MethaneSAT Concept

“MethaneSAT will involve significant advances on existing 
technology, in both the design of the instrument on the satellite 
and the data processing solutions necessary to turn its vast 
stream of raw data into actionable science that oil and gas 
companies, governments, investors and others can use to shape 
and evaluate emissions reduction strategies.” 
– EDF statement 2018-04-11



Emissions of methane as observed from space by MethaneSAT (Barnett Area)



100 kg / km2 / hr

(”total column” -- satellite view)

Measurement

Methane emissions are retrieved from satellite observations of 
elevated concentrations over source regions



MethaneSAT details
• Imaging spectrometer measures “total column mole fraction of methane” with 

spatial resolution equal or finer than 1 km, high precision (0.1% in a footprint 
with observed pixels aggregated to 1 km x 1 km square).

• Target mode acquires scenes of 200 x 200 km2 ; or swaths of 200km.
• Accurately quantify emissions in each of 5 – 10 passes.
• Integrated engineering – science – application project. End-to-end analysis 

provides actionable science (emissions overall and within target areas).
• Project manager: Tom Ingersoll, experienced aerospace CEO.
• Science Team: Harvard University and Smithsonian Astrophysical Observatory, 

decades of experience in design of satellite hardware, data algorithms, and 
methane and remote sensing science.

• Schedule: Principal vendors selected by fall, 2018; Launch late 2020 or 2021; 
Emissions measured for > 80% O&G production, also other sources.



MethaneSAT is a powerful science and policy platform – on its own and 
complementing the ecosystem of satellite & in situ CH4 observations
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Proprietary information: Harvard University and Smithsonian 
Astrophysical Observatory
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#4 The U.S. should establish and maintain a 
nationwide research effort to improve accuracy, 
reliability, and applicability of anthropogenic 
methane emissions estimates at scales ranging 
from individual facilities to gridded regional/ 
national estimates.

#1 NOAA and NASA should continue and enhance 
current atmospheric methane observations and 
advance models and assimilation techniques used 
by top-down approaches. 

MethaneSAT contributes to, and 
enhances, NAS recommendations

MethaneSAT



Summary

• Urban areas lose 1 – 2% of the natural gas entering the 
region. Sources are not well known, appear to include all 
sectors

• MethaneSAT will provide emissions fluxes for oil and gas 
production regions worldwide, transparently available to 
companies, countries, and the general public.

• Cooperative studies between industry, academia, 
governments, and NGOs offer a promising (essential…) path 
to understanding and mitigating these losses to capture lost 
product, and reduce environmental risks and damages.







XCH4 @1 km (no noise)                              
METHANESAT

Even strong CH4 emissions raise concentrations by only ～ 0.5%

MethaneSAT is engineered to measure these small contrasts, and the 
analysis framework is built to determine emissions from them

Barnett Shale – Dallas 

Proprietary information: Harvard University and Smithsonian 
Astrophysical Observatory



Other satellites have different goals. TROPOMI is a global mapper
It has larger pixels (7x7 km, 50x MethaneSAT) and lower precision (5x).

It can’t quantify regional gradients in a scene.
Scale change

TROPOM
I

METHANESA
T

Proprietary information: Harvard University and Smithsonian 
Astrophysical Observatory
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