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Emission of CH4 from the Greenland Ice sheet to the atmosphere 
Unknown magnitude, duration and occurrence  

Figure 1 Time series of CH4 and CO2 concentrations (ppm) in the subglacial air below the Greenland Ice Sheet (GrIS) with consistently 
elevated concentrations compared to the atmospheric level (~1.97 ppm CH4 and 400 ppm CO2). Similar diel variation in both periods, however, 
in June CH4 and CO2 is not in phase, but appears synced in August. 

Site & Methods 
Glacial setting, gas and water sampling 

Isunnguata Sermia 
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1 The ice front 

2 

2 Subglacial cave 

Sampling of subglacial air using a pole 
extended 4 meters under the ice. CH4 and 
CO2 measured with laser spectroscopy 
(UGGA, Los Gatos). Subglacial air 
temperature and humidity was measured. 

The subglacial discharge point of meltwater. 
River is on the left and subglacial cave at 
right (2) 

Study site is 
located in Western 
Greenland at the 
edge of GrIS  near 
Kangerlussuaq 

The measurements took place at a lateral discharge point (1) on the 
Isunnguata Sermia glacier 

Sampling points of meltwater for dissolved CH4. 
Gas bags were sampled in the subglacial cave and 
outside at PW1 and at PW3  to obtain three mixing 
levels and analyzed for d13C-CH4 and dH-CH4 

PW1 PW2 

PW3 

What controls gaseous subglacial CH4 
and CO2 emissions?  
Short and long term mechanisms 

Hourly 
Figure 4 Mixing of 
cold subglacial air (red 
line) with warmer 
atmospheric air 
(spikes in 
temperature). This 
mixing result in fast 
decrease of the CH4 
concentration in the 
subglacial air. The 
subglacial CH4 
recovers to a 
maximum  
background level 
typically within a few 
minutes. 

Daily 
Figure 5 Long term 
control of subglacial 
CH4 emission by 
meltwater volume as 
expressed by water 
level. The diel cycle of 
both subglacial CH4 
and water flow is 
similar suggesting 
that the emission of 
subglacial CH4 is 
linked to runoff 
volume. However, 
peak subglacial CH4 
concentrations and 
water level do not 
coincide which may 
indicate that the CH4 
emission is delayed 
compared to the peak 
runoff. 

Where does the subglacial CH4 come from? 
Degassing from meltwater 

Isotopic clues – Microbial origin 

Figure 3 The subglacial CH4 
source is clearly separated from 
atmospheric CH4 and may 
originate from microbial turnover 
of organic carbon in the subglacial 
sediment. The signature of the 
source was estimated using a 
keeling plot. The intercept of a 
regression between the inverse of 
the CH4 mixing ratio at the three 
levels of mixing (PW1 & PW3) and 
the d13C and dH of CH4, 
respectively. The CH4 source 
becomes more depleted with 
increasing CH4 concentration in 
June & August. 

Figure 2 A) Dissolved 
CH4 in meltwater at 
PW1-3. On average 78% 
of the dissolved CH4 
degasses within the first 
few hundred meters of 
the outlet (from PW1 to 
PW2) in June and 
August. B) Gaseous CH4  
is correlated to dissolved 
CH4 indicating a 
subglacial origin. This 
relation is different in 
June and August as 
indicated by their 
different placement to 
the 1:1 line (---). 

Sampling of meltwater at PW2 downstream of the 
glacier. Water samples poisoned with HgCl2 and stored 
in glass bottles with butyl rubber septum 

Read our paper! “First observation of direct methane emission 
to the atmosphere from the subglacial domain of the Greenland 
Ice Sheet” Scientific Reports, 8. Scan the QR! 

Background 
Permafrost and glaciers function as important caps of 
CH4

[1]. Disintegration of these cryospheric caps could lead 
to large increases in CH4 emissions in the Arctic with a 
significant feedback to the global climate system[2,3]. 
Subglacial sediments and meltwater have been shown to 
hold the potential for microbial CH4 production and 
oxidation[4,5,6,7,8]. Reservoirs of CH4 hydrates have also been 
found beneath ice sheets[9] of which the future stability 
may change due to accelerated melting and marginal 
thinning of the ice sheet leading to potential emissions of 
CH4 to the atmosphere. Our current knowledge[10,11] 
suggests that subglacial environments are active 
components of the Earth’s CH4 cycle, but their importance 
for cryospheric CH4 release in the Arctic remains unknown. 
In August 2016 we made the first observation of subglacial 
CH4 emission, but based on few measurements. In 2018 we 
expanded the work to include two campaigns in June and 
August to investigate if subglacial CH4 emission was 
persistent, how it changed across the melt season and 
what the origin of the subglacial CH4 is. 
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So far, so good 
Expeditions in 2016[10] and 2018 to this site has shown 
consistent occurrence of emission of subglacial CH4 and 
CO2 to the atmosphere. The results presented here greatly 
expands our understanding of the export subglacial CH4 to 
the atmosphere.  
1) The subglacial CH4 degasses from the meltwater as 

indicated by the close relationship between dissolved 
and gaseous CH4 and most subglacial CH4 release 
occurs close to the ice edge. 

2) The subglacial CH4 has an isotopic source equivalent to 
acetate fermentation indicating microbial turnover of 
organic carbon in the subglacial sediment. 

3) The long term temporal variation is linked to the runoff 
volume, which implies that the release of CH4 is coupled 
to bottom and surface melt of the ice sheet. 

4) The relation between dissolved and gaseous CH4 
changes over the melt season, indicating different 
degassing dynamics of CH4 which may be related to the 
development of the englacial drainage system. 

5) The subglacial CO2 source(s) remain unknown so far. 

The unknowns 
The major unknown is if the subglacial CH4 release has any 
relevance to the atmospheric composition of CH4. This 
hinges on its global distribution, the source of CH4 and its 
release mechanism and relation to climatic drivers 
1) For a global impact direct subglacial CH4 emission 

should be present across the ice sheets of Greenland 
and Antarctica, and for glaciers in Europe, North & 
South America and Asia. In situ subglacial CH4 emission 
has only been found in Greenland[10] and Iceland[11], 
showing a need to document its global distribution. 

2) It is unknown if the observed CH4 release is from 
subglacial hydrates or in situ microbial CH4 production. 
The feedback strength to the atmosphere would be 
higher in the former as destabilization of hydrates by 
accelerated melting in a warmer climate could lead to 
rapid expulsions of CH4 whereas the latter would be 
constrained by microbial activity and available carbon. 

3) Understanding how supra- and subglacial melting of the 
glacier drives subglacial CH4 release is key in order to 
predict future emissions to the atmosphere. 

This study was funded by Hartmann Foundation, Denmark 


