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Methods.

Necessary information about methane sources.

Available data on dissolved methane from direct measurements.
Satellite results.

[Yurganov et al., “Ocean stratification and sea-ice cover in Barents and Kara seas
modulate sea-air methane flux: satellite data”, (2021), submitted to APS].




Satellites measure radiation: incoming Solar (Short-Wave IR, SWIR )
or outgoing Earth Thermal IR (TIR)
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Arctic methane in Barents/Kara seas: sources, sinks and transport.

Methane is emitted from the seabed and rapidly dissolves in water. In summer the ocean is highly
stratified and dissolved gas can not reach the atmosphere. Methanotrophic bacteria consume
90% of this methane. In November the pycnocline breaks down and methane can enter the
atmosphere. Sea ice is another barrier for methane in winter.

Natural barriers for methane: )
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Geography. Arctic sea ice in early winter.

Change in ice-free winter sea surface from 2003 to 2018
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Available direct samplings of dissolved methane

There are lots of measurements of dissolved methane, all of them are carried out in
summer. This is an example: “Widespread methane seepage along the continental
margin off Svalbard - from Bjornoya to Kongsfjorden” by Mau et al. (2017)

August-September, 2015. Anomalies of of dissolved methane concentrations
in NM: note a very shallow Mixed Layer and a position of the pycnocline.
Bjgrngya Hornsundb.  Isfjordenb.  PKF
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In summer the pycnocline prevents CH4 entering sea surface. The flux to
atmosphere is close to zero. TIR satellite sensors are able to compare
atmospheric methane in summer and in winter.
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AIRS CH 4 0-4 km concentrations for

two seasons, observed 15 years apart:

in 2004 and 2019
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Methane over Barents Sea, retrieved from 3 sounders and

averaged for 2015-2020. Comparison with Mixed Layer Depth.
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Methane trend in 3 boxes: two open water and one
discontinuous ice, AIRS: 2002 — 2020, IASI: 2010-2020
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Trends in mixing intensity (MLD) and near-bottom temperature in Barents Sea
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Mixing intensity (MLD) diminished and near-bottom
temperature increased during last 20 years. These effects
impact methane emission in different directions.



ESTIMATES OF ANNUAL METHANE EMISSION FROM THE ARCTIC IN 2016-2020
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So, what do we have in the bottom line?

1) Most of methane emission from BKS occurs in winter after the
breakdown of the pycnocline.

2) Does the winter flux grow with years? In the northern Kara
Sea (and the northern Barents Sea) the methane seasonal
amplitude did increase since the beginning of the century. A

decline of sea ice cover is the most likely explanation of that. =
3) The CH, amplitude in the Barents Sea increased just slightly. 2 2
The temperature of seawater increased, but mixing of water : L
column weakened. It may be speculated that a growth of N
methane sources was offset by a lengthening of the 5 L
stratification period. . = |

Land Sea BKS ESAS OKH BAF WSL AK

4) The Arctic Ocean is responsible for ~2/3 of the land
emission and the Barents/Kara area is the main player. 13
=)
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