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CH4 causes ~25% of today’s radiative forcing

Adapted from IPCC AR5, 
Table 8.SM.6 



Methane causes 25% of 
current global warming.

The oil and gas sector is a 
leading methane emitter. 





From Brandt et al 2014 Science



Catalyzing Science
5 principles:

• Led by academic scientists

• Employ multiple methodologies 
whenever possible

• Seek review by independent 
scientific experts

• Make all data public to ensure 
transparency

• Publish results in a peer 
reviewed science journal

Read more:
edf.org/climate/methanestudies
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Julesburg
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Lyon et al.









Integrating Datasets – understanding the fat tail



Different Methodologies

Top Down
• Large scale-regional or national 

estimates
• Mass balance
• Atmospheric transport models
• Enhancement ratios (e.g., CH4/CO2)
• Attribution to oil & gas required

Bottom Up
• Component- or activity-based

• Facility-level (0.05 to 5 km downwind)

• Combine emissions and activity factors

Most “Top Down” studies reveal higher emissions than “Bottom Up” methods. 



Barnett: Top-Down and Bottom-Up agree
Mean Relative Difference: 0.1% ± 21% (total) and 10% ± 32% (fossil)

Zavala-Araiza et al. 2015 (PNAS)  



A closer look at Barnett Shale well pads

References: 
http://www.pnas.org/content/112/51/15597.short
https://www.nature.com/articles/ncomms14012

http://www.pnas.org/content/112/51/15597.short
https://www.nature.com/articles/ncomms14012


Zavala-Araiza D, et al. Nature Communications 2017.

Tank flashing and liquids unloading explain the magnitude 
but not the prevalence of high-emitting well pads









Boston vs. Indianapolis

City Miles driven/ leak found

Boston, MA 1

Indianapolis, IN 200



EDF Coordinated Methane Synthesis 
• Quantify methane emissions from the U.S. oil and gas supply 

chain (well to meter)
• Synthesizes recently published datasets
• includes site-level measurements of >400 well pads across 6 

U.S. basins
• Compares site-level estimates with aerial surveys of 9 basins
• 24 co-authors from 16 research organizations
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Processing

Transmission &
Storage

Local  
Distribution 

Regional 
Research
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Sources of Regional Synthesis Data 

Bakken

Denver 
JulesburgUinta

San Juan 

Barnett
Haynesville

FayettevilleW. Arkoma

Methane study areas
Accounts for 33% of U.S. gas 
production; 24% of oil production   

Marcellus



Synthesis Methods 

•Multiple datasets integrated to estimate 2015 U.S. methane 
emissions by O&G segment
• Production:  > 400 site-level measurements from 6 basins analyzed 

using a non-linear model (Omara et al 2016, Rella et al 2015, 
Robertson et al 2017, Brantley et al 2014)
• Gathering & Processing: Marchese et al 2015
• Transmission & Storage: Zimmerle et al 2015
• Local distribution: Lamb et al 2015

• Estimate validated against aircraft data from 9 basins

• Estimate compared to U.S. EPA Greenhouse Gas Inventory



Basin- and site-level quantification methods find overlooked 
emissions by equipment-level measurements.

Site-level

Component-level

Basin-level



Top down vs. bottom up



U.S. oil and gas supply chain emissions 

Drilling & 
Production 

Gathering & 
Processing 

Transmission & 
Storage

Local 
Distribution

Methane Synthesis 
Alvarez et al 2018

2017 EPA GHG Inventory 
(For year 2015)

7.6 Tg
1.3%

3.5 Tg
0.6% 3.3 Tg

0.6%
2.7 Tg
0.5% 1.8 Tg

0.3%
1.4 Tg
0.2%

0.44 Tg
0.1%

0.44 Tg
0.1%



13±2 Tg CH4
2.3% Leak Rate

8.1 (+2.1/-1.4) Tg CH4
1.4% Leak Rate

Comparing overall emissions for 2015 



Basin level emissions estimates agree
with top-down measurements



Emission estimates agree with 
top-down measurements from 9 basins



Key takeaways 
• Higher O&G methane emissions than official inventories

• Emissions occur across the supply chain, concentrated upstream
• Basin-level and site-level data agree

• Abnormal conditions responsible for a large portion of emissions
• These emissions are often not included in component-based inventories
• Avoidable issues such as malfunctions, human error, and poor design can cause 

sites to have very high emissions
• They make up more than half of production site emissions 

(about 1/3 of supply chain emissions) 
• Regulatory and voluntary actions can reduce emissions

• Effective monitoring to quickly detect high emissions
• Root cause analysis and better site design to minimize the recurrence of abnormal 

conditions
• Improved reporting to more accurately understand emissions



What we know about global methane emissions



33

Gaps anticipated to be filled in Tranches 1 and 2



Airborne AVIRIS detected methane plume

Hyperion aboard EO-1 satellite methane detection

Orbital and sub-orbital remote 
imaging spectroscopy of the 
Aliso Canyon blowout

Need for High Spatial Resolution 
Methane Remote Sensing

Thompson et al. 2016 (GRL)



MethaneSAT: Ability to collect Data more rapidly
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