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Major points: 

 Methane is an important greenhouse gas and is currently responsible for an amount of global 
warming equal to approximately 60% of that caused by carbon dioxide.  Methane reductions offer 
one of the few available approaches to immediately slow the rate of global warming, since the 
climate responds more quickly to decreases in methane compared to carbon dioxide. 

 A very recent paper published in the journal Nature1 uses the C14 radioactive carbon content of 
methane in ice-core bubbles to conclude that natural seeps of methane from ancient sources, (i.e. 
formed millions of years ago) are much smaller than previously thought.  This implies that 
anthropogenic (fossil fuel) emissions of methane in recent decades must be proportionally higher 
than previously thought.  The C14 content of atmospheric methane in the late 20th century indicated 
that 30% of all methane emissions (natural and human-caused) were from ancient sources; thus, if 
the natural seep emissions have been overestimated1, the fossil-fuel emissions have been 
underestimated by an equal amount. 

 With the upward revision of fossil-fuel sources required by the recent natural seep data1, our 
estimates for the global methane budget suggest that half of all human-caused methane emissions 
in the late 20th century came from fossil fuel use, with the other half coming from animal 
agriculture, rice agriculture, sewage treatment plants, landfills, and biomass burning combined. 

 Methane emissions and atmospheric concentrations were steady for a decade at the end of the 
20th Century through 2005 or so but have been rising rapidly ever since that time.  Human-caused 
methane emissions are now 6% greater than in 2000, an increased flux of 20 Tg per year. 

 Using satellite data, two recent papers2,3 concluded that the increase in methane emissions globally 
over the past decade was due largely to an increased source in the United States.  This coincides 
with the explosion in shale gas and shale oil development in the United States, which may well be 
the cause of increased methane emissions globally2.  No other major changes in the US economy 
appear likely to have resulted in changes in methane emissions over this time. 

 Methane emissions estimated from the satellite data are within the range of those measured by 
other integrative, top-down approaches, but are higher than estimates from additive, bottom-up 
studies upon which the US EPA relies.  Some of these bottom-up studies have recently been called 
into question because of systematic methodological problems with instrument calibration.  A 
formal investigation by the Inspector General of the US EPA is now underway to examine this. 

 Several high visibility papers published in 2016 used the C13 stable carbon isotopic composition of 
atmospheric methane to infer what is driving changes in methane emissions over time.  Two of 
these, published in Science4 and Nature5 concluded that increased methane emissions over the past 
decade were likely caused by animal agriculture, particularly emissions from cows and cattle.  
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However, this conclusion is inconsistent with the satellite data, since the numbers of cows and 
cattle in the United States (the source of increased emission over the past decade) have been 
steady or declining in recent decades. 

 One potential problem with the studies based on C13 in atmospheric methane is their failure to 
explicitly consider shale gas separately from conventional natural gas.  A recent review of several 
studies6 indicates that shale gas methane may tend to have a C13 signal that is significantly more 
negative than that for conventional natural gas: the shale gas signature in fact overlaps with the 
signature for cows and cattle.  This means the shift in atmospheric methane C13 that was attributed 
to cows4,5 may in fact have been from shale gas emissions (see Box 1).  

 From the best evidence currently available, we tentatively conclude that the global increase in 
methane over the last decade is due to shale gas and shale oil development in the United States.  A 
revised global methane budget for the year 2015 based on this finding shows that methane 
emissions from the oil and gas industry are now likely more than 2-times larger than those from all 
animal agriculture globally (see Box 2). 

 If emissions from shale gas and oil are indeed the source of the increased global methane fluxes, 
this should have resulted in a measurable change in the C14 radiocarbon content of atmospheric 
methane.  We suggest that this radiocarbon signal is a better and less ambiguous tracer to unravel 
whether fossil fuel emissions or biogenic emissions such as those from cows are the primary driver 
of change over the past decade.  We call for an urgent program to measure the C14 content of 
methane in the current global atmosphere as the best way forward to unambiguously determine 
what has been driving the global increase in atmospheric methane. 
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