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ABSTRACT. Average atmospheric methane concentration (CH4) in the Arctic is generally 
higher than in other regions of the globe. Due to the lack of observations in the Arctic 
there is a deficiency of robust information about sources of the methane emissions. 
Measured concentrations of methane and its isotopic composition in ambient air can 
be used to discriminate sources of CH4. Here we present the results of measurements 
of the atmospheric methane concentration and its isotope composition (δ13CCH4) in the 
East Siberian Arctic Seas during the cruise in the autumn 2016. Local sections where the 
concentration of methane in the near-water layer of the atmosphere reaches 3.6 ppm are 
identified. The measurements indicated possibility of formation of high methane peaks 
in atmospheric surface air above the East Siberian Arctic Shelf (ESAS) where methane 
release from the bottom sediments has been assumed.
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INTRODUCTION

Methane (CH4) is a second greenhouse gas 
after carbon dioxide which atmospheric 
concentration has increased by 150% since 
pre-industrial times (IPCC, 2013). However, 
the CH4 global warming potential is 
approximately 28 times higher than that of 
CO2 over a 100-year frame (Myhre et al. 2013). 
It accounts for 20% of the global radiative 
forcing of well-mixed greenhouse gases 
(Quay et al. 1999; Dlugokencky et al. 2014). 

As is thought, methane contributes greatly 
to warming in the Arctic region, which 
is characterized by abundant methane 
sources such as, for example, wetlands of 
the northern Eurasia, shelf areas of the Arctic 
seas (Shakhova et al. 2014), gas combustion 
(Stohl et al. 2005), and anthropogenic 
emissions. It is assumed that the influence 
of methane sources on the climate of the 
region should progressively increase with 
temperature growth in the Arctic (Shakhova 
et al. 2015).
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Sub-sea permafrost and hydrates in the shelf 
regions of the seas of the Eastern Arctic are  
significant methane pool and potentially 
can be large source of atmospheric methane 
emissions (Berchet et al. 2015). A significant 
number of localized seeps of methane in 
offshore regions of the East Arctic seas have 
been found (Shakhova et al. 2015; Thornton 
et al. 2016), but the quantity and quality of 
the available experimental data is currently 
insufficient to obtain stable estimates of 
CH4 emissions into the air above-sea layer, 
which are still very contradictory (Berchet et 
al. 2015; Shakhova et. al. 2014). The evidence 
of methane release from the ESAS bottom 
layers have been previously reported 
(Thornton et al. 2016; Shakhova et al. 2010), 
while the ability of benthic methane to 
penetrate into the atmosphere had not yet 
been proven. Satellite measurements of 
the surface methane concentration cover 
the whole Earth but do not have sufficient 
accuracy. Very little data are available for 
the isotope δ13CCH4 in methane, which 
provides information on sources of methane 
in the atmosphere (Warwick et al. 2016; 
Fisher et al. 2011). Thus, it is very important 
to expand the experimental studies of 
methane concentrations in the Arctic to 
check whether methane released from 

the seawater into the atmosphere. Present 
work is continuing the Arctic methane 
study started during previous observation 
campaign of 2015 described in (Skorokhod 
et al. 2016).

MATERIALS AND METHODS 

Atmospheric CH4 mixing ratio and changes 
in the 13C:12C ratio in CH4 (reported a 
changes relative to a reference ratio and 
denoted as δ13CCH4) were measured from 
aboard the research vessel (R/V) Akademik 
M.A. Lavrentiev from 23 September to 3 
November 2016 in the Laptev, East Siberian 
and Chukchi Seas and as well as the North 
Pacific and the Sea of Japan (see Fig. 1). 
The measurements were performed using 
a Cavity-Ring-Down Spectrometer (CRDS) 
from Picarro™ (model G2132-i). Together 
with methane concentrations of other trace 
gases (CO2, NO, NO2, O3) were measured. 

CRDS (G2132i) allows to measure the 
methane concentration in the range from 
1800 to 12000 ppb with an error of less than 
5 ppb, and the value of δ13CCH4 with an error 
of less than 1 ‰. The cameral experiments 
showed that the intrinsic noise of the device 
did not exceed the indicated error values. 
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Fig. 1. The route of R/V Akademik M.A. Lavrentiev, Tiksi - Vladivistok, 24.09-
03.11.2016. The areas with the high methane concentration are in the frames. 

1 - corresponds to the Laptev sea polygon with CH4 maximum (2.133 ppm); 
2 -  CH4 maximum in the East Siberian sea (3.537 ppm)


