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Figure 1 This schematic 
depicts global sources and 
sinks of methane. Source: 
Global Carbon Project, http://
www.globalcarbonproject.org/.

Tracking emissions of methane to the atmosphere from human and natural sources is 
essential to informing decisions that affect the climate, economy, and human health 
and safety. Discrepancies between different emissions estimates have fueled discussion 
about how to characterize methane emissions more accurately. This report recommends 
strengthening measurement, monitoring, and inventories of methane emissions; devel-
oping a gridded inventory as a mechanism to integrate approaches; and launching a 
nationwide research effort to address knowledge gaps. 

Methane, the primary component of natural gas, is a potent greenhouse gas that is 
second only to carbon dioxide in its contribution to rising global average tempera-
tures. Current levels of methane in the atmosphere are unprecedented over the past 
century as measured by direct observations, and over the past two millennia as mea-
sured from ice cores. Methane has a diversity of human caused sources in the United 
States, including petroleum and natural gas systems, cattle and manure management, 
landfills, and coal mines. Natural methane sources include wetlands, coastal oceans, 
wildfires, and geologic sources (see Figure 1). 

Being able to accurately quantify methane emissions from specific sources is critical 
for evaluating climate change policy proposals aimed at limiting greenhouse gases, 
as well as for a variety of health, safety, and economic reasons. Because methane is 
flammable and can be dangerous at high concentrations, it is monitored in mines and 



at landfill sites to protect the safety of workers. Given 
methane’s value as the main component of natural gas, 
monitoring in the energy, agriculture, and waste sec-
tors is aimed at reducing losses or enhancing recovery 
of methane. 

MeasureMent approaches For 
estiMating Methane eMissions
There are two main approaches for estimating meth-
ane emissions. Bottom-up (or inventory development) 
estimates measure emissions at the scale of individual 
methane emitters, such as natural gas wells or cattle 
farms. Methane inventories are developed for a variety 
of purposes and use a combination of activity data (the 
number of emitters) and emission factors (the amount 
of methane per emitter), which then are extrapolated 
to regional and national scales. In the United States, the 
Greenhouse Gas Inventory (GHGI) is the main inventory 
of human-caused greenhouse gas emissions. The GHGI 
is also submitted to the United Nations (UN) as part of 
treaty obligations under the UN Framework Convention 
on Climate Change.

Top-down estimates use observations of atmospheric 
methane concentrations and models that account for 
transport from the emitter to the observation location to 
estimate how much emissions must have occurred. Such 
measurements are made via aircraft, surface, and tower 
and satellite remote sensing.

Bottom-up and top-down approaches each have 
strengths and limitations. Bottom-up methods provide 
information about emissions from specific sources but 
may not account for all sources and may use uncertain 
or inaccurate activity data and emissions factors. In 
contrast, top-down estimates include emissions from all 
sources, both natural and anthropogenic, but may have 
difficulty in attributing emissions to specific sources or 
source categories. In some cases, the estimates produced 
by these two methods differ significantly, leading to re-
examination of the measurements. Ideally, top-down and 
bottom-up approaches can be tested against each other 
to improve the application of both approaches.

Meeting the challenges oF 
characterizing Methane eMissions
The traceable attribution of methane emissions to spe-
cific sectors, processes, and components is a key output 
of bottom-up inventories, which are thus uniquely suited 
for applications in the sphere of mitigation and societal 
interests. Currently, however, the GHGI cannot be inde-
pendently tested against top-down measurements, as 
both spatial and temporal attributes are missing and thus 
expected atmospheric concentrations cannot be inferred.  

Building a strong link between observed atmospheric 
methane concentrations and methane emission inven-
tories has many benefits, including the discovery of 
missing sources or processes, improved confidence in 
the basic data that enter into decisions by companies and 

governments, and better capability to detect trends with 
time. Interlinking top-down and bottom-up approaches 
involves strengthening both approaches as well as devel-
oping a mechanism to integrate across these approaches, 
as outlined in the following recommendations.

strengthening atmospheric Methane 
observations and Modeling
Atmospheric observations are the foundation for under-
standing changes in methane concentrations. However, 
the current network of atmospheric methane observa-
tion sites is sparse and cannot capture the full spatial and 
temporal variability of methane emissions. 

The models used in top-down approaches can also 
introduce uncertainties. In particular, it is challenging to 
use current global atmospheric transport models with 
relatively coarse spatial resolution to “invert” observed 
methane concentrations to estimate emissions from 
small-scale processes. To make atmospheric transport 
models more accurate, it will likely be necessary to 
develop simulations with finer spatial and temporal 
resolution. 

Long-term observations of background methane levels 
are critical to detect trends in methane emissions. On 
regional scales, sustaining current observational net-
works and expanding them to multi-scale observational 
strategies will be necessary to make high quality long-
term observations.

One of the primary challenges in using top-down 
analyses is attributing emissions to specific sources. 
Atmospheric molecular and isotopic species can provide 
information about methane sources, and global monitor-
ing observations are available for certain atmospheric 
trace species that may be helpful for understanding the 
methane budget. 

recommendation #1: noaa and nasa should 
continue and enhance current atmospheric 
methane observations and advance models 
and assimilation techniques used by top-down 
approaches.

gridded Methane emissions inventories
As the most frequently updated inventory of human-
caused methane emissions in the United States, the GHGI 
is used by diverse communities for an array of scientific 
and policy purposes. Increasingly, it is being used for 
purposes for which it was not designed. For example, 
the GHGI has been used to verify top-down atmospheric 
emission estimates to make the estimates more applica-
ble to policy needs. However, comparing the two sets of 
data is challenging because they are collected at different 
spatial and temporal scales. 

Gridded inventories combine estimates of the quan-
tity of methane emitted with data about the location 
and timescale of the emission-generating activities. On 
national scales, spatially and temporally resolved gridded 



inventories of national methane emissions provide 
significant value to the scientific community to better 
characterize and compare inventories and test against 
top-down emissions estimates. Further, gridded inven-
tories have the potential to inform mitigation activities 
at spatial scales relevant to policy makers, industry, and 
other stakeholders. 

recommendation #2: epa, in collabo-
ration with the scientific research 
community, Doe, noaa, usDa, and 
nasa should establish and maintain 
a fine scale, spatially and temporally 
explicit (e.g. gridded) inventory 
of u.s. anthropogenic methane 
emissions that is testable using atmo-
spheric observations and update it on 
a regular basis.

incorporating new science into 
inventory methodologies
The measurement, modeling, and 
underlying science contributing to under-
standing of methane emissions estimates 
has improved substantially during the 
past two decades and is still improving 
from year to year. These new methods and 
understanding can help make methane 
inventories more accurate and precise. 
However, the Intergovernmental Panel 
on Climate Change (IPCC) Guidelines on 
inventory methodologies, which are widely 
used in the GHGI development, have not 
been updated since 2006, and thus predate 
the last decade of field measurements and 
modeling. To keep track of new advances, 
a sustainable process to regularly review 
U.S. methane inventory methodologies and 
incorporate the latest science into the GHGI 
is needed. 

For each methane source, there are uncer-
tainties associated with emission estimates. 
For many sources, emission factors are 
outdated; for example, the current method-
ology for estimating emissions from landfills 
relies on 20-40-year-old assumptions and 
does not include the two major drivers for 
emissions: site-specific climate and opera-
tional factors. For other sources, there is a 
scarcity of data on the magnitude of the 
specific activities that produce methane. 
For example, in the petroleum and natural 
gas sector, there are numerous emissions 
sources, yet relatively sparse activity data 
on which to develop emissions estimates. 

Reducing these uncertainties will involve 
collecting and reporting activity and 
emissions data in a consistent and com-
prehensive manner, although this will 

be challenging because of cost, time, and technical 
limitations.

Incorporating the wealth of methane studies from the 
past decade into the GHGI to improve the estimates is 
challenging. In recent years, EPA has periodically con-
vened stakeholder webinars and workshops to discuss 
possible changes to the methane GHGI. Establishing 

Figure 2 This schematic summarizes the report’s four major recom-
mendations for improving quantification of anthropogenic methane 
emissions in the United States. 



a smaller, more formal advisory group could improve 
the methane portion of the GHGI by facilitating timely 
improvements in activity data and enhance characteriza-
tion of emissions sources and quantities. 

recommendation #3: epa, Doe, noaa, and usDa 
should promote a sustainable process for incorpo-
rating the latest science into the u.s. greenhouse 
gas inventory and regularly review u.s. methane 
inventory methodologies.

research for improving characterization of 
anthropogenic Methane emissions
Maximizing improvements in the accuracy and precision 
of methane emission estimates will require a coordinated 
nationwide research effort that facilitates the complemen-
tary use of both top-down and bottom-up measurements 
and links estimates to field-validated models at appropri-
ate scales. Such a national research effort should include 
results from atmospheric observations, sustained spatial 
and temporal characterization of methane emissions for 
key sectors in the United States, and improvements in esti-
mation techniques. 

Coordinated, contemporaneous top-down and bottom-
up measurement campaigns, conducted in a variety of 
source regions for anthropogenic methane emissions, 
are crucial for identifying knowledge gaps and prioritiz-
ing emission inventory improvements. To date, only a 
limited number of highly coordinated campaigns utiliz-
ing both types of methodological approaches have been 
performed, mainly in regions dominated by emissions 
from petroleum and natural gas sources. 

One challenge is that the accuracy of the measurement 
methods is not always clearly communicated to policy-
makers. When presenting results on methane emissions, 
clarity on the scope, and spatial and temporal boundar-
ies is essential to enable potential users of the data to 
interpret the results. 

recommendation #4: the united states should 
establish and maintain a nationwide research 
effort to improve accuracy, reliability, and appli-
cability of anthropogenic methane emissions 
estimates at scales ranging from individual facili-
ties to gridded regional/national estimates.
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