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Global Emissions of  Methane 

Kirschke et al., 2013, Nature Geo. 
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EPA GHG Inventory of  US Emissions 
(Anthropogenic) 
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Total US EPA: 27.9 TgCH4 (2010) 
Miller et al., 2013: 44.5 TgCH4 (2010) 

2012 inventory 



EPA GHG Inventory of  US Emissions 
(Anthropogenic) 

5 

? 



Natural Gas 

Petroleum 

EPA GHG Inventory of  US Emissions 
(Anthropogenic) 

6 



Raw gas is 
composed of  
70-90% 
methane 

Distribution gas   
is >90% methane 
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CH4 Emissions (Tg/yr) from Natural 
Gas Systems (EPA GHGI 2012) 
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Total US EPA: 27.0 TgCH4 (2012) 
Miller et al., 2013: 44.5 TgCH4 (2010) 
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           N
atural gas (NG) is a potential “bridge 

fuel” during transition to a decarbon-

ized energy system: It emits less car-

bon dioxide during combustion than other fos-

sil fuels and can be used in many industries. 

However, because of the high global warming 

potential of methane (CH4, the major compo-

nent of NG), climate benefi ts from NG use 

depend on system leakage rates. Some recent 

estimates of leakage have challenged the ben-

efi ts of switching from coal to NG, a large 

near-term greenhouse gas (GHG) reduction 

opportunity ( 1– 3). Also, global atmospheric 

CH4 concentrations are on the rise, with the 

causes still poorly understood ( 4).

To improve understanding of leakage 

rates for policy-makers, investors, and other 

decision-makers, we review 20 years of tech-

nical literature on NG emissions in the United 

States and Canada [see supplementary mate-

rials (SM) for details]. We fi nd (i) measure-

ments at all scales show that offi cial inven-

tories consistently underestimate actual CH4 

emissions, with the NG and oil sectors as 

important contributors; (ii) many indepen-

dent experiments suggest that a small number 

of “superemitters” could be responsible for a 

large fraction of leakage; (iii) recent regional 

atmospheric studies with very high emissions 

rates are unlikely to be representative of typi-

cal NG system leakage rates; and (iv) assess-

ments using 100-year impact indicators show 

system-wide leakage is unlikely to be large 

enough to negate climate benefi ts of coal-to-

NG substitution.

Underestimation—Device to Continent

This study presents a fi rst effort to system-

atically compare published CH4 emissions 

estimates at scales ranging from device-

level (>103 g/year) to continental-scale 

atmospheric studies (>1013 g/year). Studies 

known to us that (i) report measurement-

based emissions estimates and (ii) compare 

those estimates with inventories or estab-

lished emission factors (EFs) are shown in 

the fi rst chart. 

Studies that measure emissions directly 

from devices or facilities (“bottom-up” stud-

ies) typically compare results to emissions 

factors (EFs; e.g., emissions per device). 

Large-scale inventories are created by multi-

plying EFs by activity factors (e.g., number 

of devices).

Studies that estimate emissions after 

atmospheric mixing occurs (“atmospheric” 

studies) typically compare measurements to 

emissions inventories, such as the U.S. Envi-

Methane Leaks from North 
American Natural Gas Systems
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Methane emissions from U.S. and Canadian 

natural gas systems appear larger than offi cial 

estimates.
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Inventories and emissions factors consistently underestimate actual measured CH4 emissions across 

scales. Ratios >1 indicate measured emissions are larger than expected from EFs or inventory. Main graph 
compares results to the EF or inventory estimate chosen by each study author. Inset compares results to 
regionally scaled common denominator ( 17), scaled to region of study and (in some cases) the sector under 
examination. Multiple points for each study correspond to different device classes or different cases mea-
sured in a single study. Defi nitions of error bar bounds vary between studies. (US, United States; Can, Canada; 
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Inventories and emissions factors consistently underestimate actual 
measured CH4 emissions from natural gas across scales. 

Ratio (measured/EPA GHGI) 



>35% US total natural gas production 
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Uinta, UT 
1.5% 

Denver Julesburg, CO 
1% of  national production 

Marcellus, PA/NY 
17% of  national 
production 

Barnett, TX 
7% 

Haynesville, LA/TX 
9% 

Fayetteville, AR 
6% 

NOAA aircraft mass balance study regions 

San Juan, CO/NM 
Coal bed 

Bakken, ND 
Oil 



Barnett Coordinated Campaign 
Top-down and bottom-up reconciliation effort with intensive ground measurements. 

Environmental Defense Fund’s 

Variety of  source types are spatially overlapping, making attribution difficult. 
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Barnett Top-Down CH4 Emissions Estimate 
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Barnett Coordinated Campaign 
Top-down and bottom-up reconciliation effort with intensive ground measurements. 

Environmental Defense Fund’s 

Blue points: gas wells 
Orange points: oil wells 

EDGAR 4.2 2010 Oil and NG Emissions 

Point sources as reported to EPA’s GHGRP 
Wells from DI Desktop 

Various CH4 sources are nearly co-located.  Within the NG system, emissions in this region 
include all segments of  the production chain, down to local distribution in urban areas. 



Top-down Source Type Attribution 

•  Prior CH4 estimates based on inventories often 
have incorrect spatial patterns 
–  introduce uncertainty in the source attribution of  

top-down estimates. 

•  Top-down source type attribution  
–  trace gas information and measurements (e.g. ethane 

or methane isotopes). 
– measurements at different scales 



C2H6 

15 

Smith et al., submitted 

CH4 

NACP All-Investigator Meeting, Jan 26-29, 
Washington, DC 

Top-down Source Type Attribution 

Continuous ethane measurements from aircraft in the Barnett Shale. 
(Yacovitch et al., ES&T, 2014; Smith et al., submitted.) 
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Top-down Source Type Attribution 

Continuous ethane measurements from aircraft in the Barnett Shale. 
(Yacovitch et al., ES&T, 2014; Smith et al., submitted. 



NOAA Global Monitoring Division Annual 
Conference, May 21 2014 17 
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Correlations of  C2H6 with CH4 

18 

Survey Flight 10172013 

Significant correlation 

No correlation 

Use the sum of  CH4 that does NOT correlate with C2H6 
(blue) to establish contribution from biogenic sources: 
15-29%. 

Smith et al., submitted. 
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North-East PA: Marcellus Shale Project 

Continuous, Regional Methane Emissions Estimates in Northern 
Pennsylvania Gas Fields Using Atmospheric Inversions
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Figure 5.  The NOAA Twin Otter aircraft. 

Figure 8.  Simulated CH4 enhancements using meteorogical conditions from WRF at 9, 
3 and 1 km nested grids and assuming a leakage rate of 2% of production.  Locations 
of well pads (circles) and a subset of communication towers (red X) are shown.  

https://sites.psu.edu/marcellus/

1.  Motivation

2.  Objectives

5.  Observations

6.  Modeling

3.  Inventories

4.  Study Area and Timeline

7.  Acknowledgements
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Figure 6.  Automobile 
used for preliminary 

sampling and source 
attribution. 

Figure 7.  Inversion model that iteratively changes prior emissions estimates to 
minimize the di"erences between simulated and observed mixing ratios 
observed at points (tower locations) in space and time.  

Estimates

Figure 1.  Marcellus shale formation and thickness.

Figure 2.  “Bottom up” inventories of CH4 sources in a) Pennsylvania and b) northeast PA including 
Bradford, Susquehanna, Tioga and Wyoming counties

Figure 3.  Map of northeast PA showing the location of the atmospheric measurement towers (triangles), compressor 
stations (squares), well pads (circles), proposed samping #ight tracks (line), and CH4 mixing ratios from automobile 
measurements on July 11, 2014 (colorbar). 

communications tower 
used for continuous 
measurements of 
atmospheric CH4 and 
13CH4.

Figure: Doug Martins.  See Poster. 

Tower Tower 

Tower 

Five towers making CH4 and 13CH4 measurements for 2 
years; one aircraft intensive campaign; regional modeling. 

Flight Plan 
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NOAA Twin Otter 



Summary 
•  Top-down measurements are essential for verifying bottom-up 

inventories. 
•  Tracer gases (13CH4 or higher hydrocarbons) are the most robust 

way to accomplish attribution given a lack of  spatial separation 
between different source categories (biogenic vs. fossil). 

•  Measurements at different scales are necessary to distinguish 
between different fossil sources (production, processing, 
distribution). 

•  Detailed bottom-up inventories are needed to determine where 
emissions are coming from down to a component level, in order 
to produce actionable information for policy makers. 
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Mass Balance Approach for Emissions Estimation 
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