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By Sara E. Mikaloff Fletcher 

and Hinrich Schaefer

I
n 2007, the amount of methane in the 

atmosphere (CH4) began to rise after a 

7-year period of near-zero growth (1). Re-

cent research shows that a second step 

change occurred in 2014 (2). From 2014 

to at least the end of 2018, the amount 

of CH4 in the atmosphere increased at nearly 

double the rate observed since 2007 (see the 

figure). Because CH4 is a potent greenhouse 

gas, rising atmospheric CH4 presents a ma-

jor challenge to achieving the goals set out 

in the Paris Agreement, an international con-

sensus to limit temperature increase to 

2°C or, if possible, to 1.5°C above pre-

industrial levels.

The causes for the recent rise in 

atmospheric CH4 remain a subject of 

scientific debate, even for the initial 

period of increase from 2007 to 2014 

(1–8). Process-based estimates of CH4 

emissions from inventory data, wet-

land models, and other information 

offer conflicting explanations, but 

measurements of the distribution of 

CH4 in the atmosphere and its 13C/12C 

isotopic ratio at a global network of 

stations hold clues.

Although CH4 has been rising across 

the globe, this growth has been larg-

est in the midlatitudes and tropics 

of the Northern Hemisphere (2, 3). 

Further, the proportion of 13C in at-

mospheric CH4 has declined as atmo-

spheric CH4 has risen (see the figure) 

(1, 2). The 13C/12C ratio in CH4 depends 

on the sources of the CH4 emissions. 

Release from biogenic sources (such 

as wetlands and agriculture) reduces 

the proportion of 13C in atmospheric 

CH
4
, whereas fossil emissions slightly 

increase this proportion and biomass 

burning emissions increase it strongly 

(1, 2). On the basis of selected CH
4
 and 

13C/12C time series from four latitudinal 

bands, a multibox atmospheric model, 

and a running-budget analysis, Nisbet 

et al. (2) identified three potential pathways 

consistent with both the CH4 and isotope 

data: a surge in biogenic emissions, a de-

crease in the amount of CH4 destroyed in the 

atmosphere through CH4 oxidation, and an 

increase in fossil fuel emissions if balanced 

by a decrease in biomass burning.

Recent studies have identified source and 

sink processes that can explain part of the 

rise, but no single process can simultane-

ously account for the sudden onset of the 

rise and the steadiness of the increase, while 

remaining consistent with other available 

data. The most likely scenario is a combina-

tion of processes.

Biogenic emissions mainly come from 

wetlands and agriculture, particularly rumi-

nant livestock. Multimodel wetland studies 

do not confirm an emission increase since 

2007 (3, 9). However, livestock inventories 

show that ruminant emissions began to rise 

steeply around 2002 and can account for 

about half of the CH4 increase since 2007 (4).

CH4 is destroyed in the atmosphere by re-

action with hydroxyl radicals (OH) and other 

atmospheric constituents. Reduced chemical 

destruction of CH4 could both increase atmo-

spheric CH4 and decrease its proportion of 
13C. Actual OH changes over the past years 

are controversial (5, 6), as is the role of sinks 

in global inversion studies (7, 8). Only 

extreme changes in all major sinks can 

cause the observed CH4 rise and still do 

not explain observed short-term vari-

ability (2), limiting the contribution 

that sinks are likely to make.

Increasing fossil emissions could ex-

plain the change, but a simultaneous 

reduction in 13C-rich emissions from 

biomass burning is required to balance 

the 13C/12C trends. Fire reconstructions 

using satellite observations support 

such a decline with an emissions drop 

around 2006 (10). The resulting 13C/12C 

balance restricts fossil fuels to half of 

total additional emissions since 2007. 

Coal mining in East Asia is universally 

recognized to contribute to the CH4 in-

crease (2, 7, 8), whereas fossil CH4 emis-

sions from North America remained 

flat despite a nearly 50% increase in 

natural gas production (11).

Coincident with the 2014 accelera-

tion, Nisbet et al. find a source shift to 

the southern tropics, where wetlands 

are concentrated (2). They hypothesize 

that record high temperatures in 2014 

and the following years spiked wetland 

CH4 production. Such a wetland climate 

feedback challenges the commonly held 

view that wetland area rather than tem-

perature is the main control of wetland 

CH4 emissions (although some wet-

land CH
4
 models are more tempera-

ture driven) (10). If natural wetlands, 

or changes in atmospheric chemistry, 

indeed accelerated the CH4 rise, it may 

be a climate feedback that humans have 
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Rising methane: A new climate challenge
The amount of the greenhouse gas methane in Earth’s atmosphere is rising rapidly
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Methane trends 
Data from U.S. National Oceanic and Atmospheric Administration 

observing stations show that global mean atmospheric CH4 started 

to rise in 2007, with a sharper increase beginning in 2014 (2).
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At the same time, the proportion of 13C in CH4 has been falling, 

providing insight into possible sources for the additional

CH4. Measurements from other observing station networks 

show similar trends.
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little hope of slowing. Although studies have 

demonstrated the potential for substantial 

CH4-climate feedbacks, they were expected to 

occur gradually, not reaching the magnitude 

observed by Nisbet et al. for decades (12).

While the scientific community continues 

to debate the causes of the CH4 surge, the 

consequences are clear. The latest Intergov-

ernmental Panel on Climate Change (IPCC) 

emission scenarios that limit warming to 

1.5°C assume that the amount of CH4 in the 

atmosphere will decrease by 35% between 

2010 and 2050 (13). Yet, between 2007 and 

2014, the amount has risen by an average of 

5.7 parts per billion (ppb) per year, and by an 

average of 9.7 ppb per year since 2014. If this 

rise continues unabated, cuts to carbon di-

oxide and other greenhouse gases will need 

to be even steeper to achieve the Paris goal.

Atmospheric greenhouse gas measure-

ments remain the fastest way to assess prog-

ress toward slowing climate change. More 

atmospheric observations are essential to 

understand the sources of rising CH4, partic-

ularly in the tropics, which appear to be the 

engines of this change. Atmospheric models 

informed by CH4 data will incorrectly at-

tribute emission changes to regions poorly 

constrained by data, like equatorial ones (3).

Together with satellite observations and 

time series of additional tracers (14), a com-

prehensive global measurements network 

will be crucial to understand changes in CH4. 

Ascension Island in the South Atlantic is 

currently the only tropical site with observa-

tions of CH4, its 
13C/12C ratio, and column CH4 

measurements, which are indispensable for 

validating satellite observations. Yet, this site 

is in danger of being discontinued. Ongoing 

support for vitally important sites like As-

cension Island, and establishing similar ones 

in other parts of the tropics, will be crucial 

for studies of CH4 trends.

Close integration between atmospheric 

observations, process-based studies, and 

policy is urgently needed to provide mean-

ingful answers about the real emission re-

ductions needed to meet the climate goals 

of the Paris Agreement. The World Meteo-

rological Organization established the Inte-

grated Global Greenhouse Gas Information 

System (IG3 IS) to address this issue. IG3 IS 

provides a bridge between the atmospheric 

greenhouse gas community and decision-

makers. Timely dialogue between these 

groups has never been more essential, as 

the window for achieving the goals of the 

Paris Agreement is rapidly closing.        j
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Embryonic 
neural 
activity wires 
the brain

By Alexandre Tiriac and Marla B. Feller

T
he development of many sensory sys-

tems commonly involves patterned 

spontaneous activity of neurons, in 

which nearby neurons fire synchro-

nously, forming waves of activity that 

propagate throughout a neural circuit. 

In concert with sensory experience and mo-

lecular factors, patterned spontaneous ac-

tivity is critical for the formation of sensory 

maps, which are spatial representations in 

the brain of the sensory features they encode. 

The initial establishment of sensory maps 

is thought to be driven by molecular cues 

and later refined by neural activity, initially 

through patterned spontaneous activity and 

later by sensory-evoked activity. On page 987 

of this issue, Antón-Bolaños et al. (1) use the 

mouse whisker system to show that at the 

earliest stages of innervation to the cortex 

during brain development, patterned sponta-

neous activity is required for the formation of 

functional sensory maps.

The whisker system of rodents is highly 

organized. In each brain area along the 

whisker sensory pathway, stimulation of a 

single whisker activates a distinct cluster of 

neurons that are spatially organized so that 

they match the layout of the whiskers on the 

snout (see the figure). In the primary somato-

sensory cortex, these arrays of clustered neu-

rons are called barrels. The development of 

barrels has been described primarily by using 

anatomical techniques—staining methods 

that reveal clusters of somas, dendrites, and 

axon terminals—that match the functional 

maps, which are determined with physiologi-

cal recordings. These sensory maps emerge 

in a developmental sequence, first appearing 

embryonically at the periphery and moving 
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Agriculture is thought to be responsible for over half of all anthropogenic CH4 emissions and may have 

contributed to the rise in CH4 since 2007.

Disruption of spontaneous 
activity prevents formation 
of cortical whisker maps
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