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Response of methane sources to rapid Arctic warming.
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Arctic response to global warming is already very strong, very rapid, and of major global significance. It poses an immediate and troubling danger to global climate that will likely have severe consequences both for the biosphere and the human economy. Arctic hydrates have long been identified as a likely source of strong positive feedback1,2. However, the analysis by Whiteman et al. (2013) cannot be supported, as it is based on a hypothetical release of 50 Gt of hydrate-sourced methane, at a flux of 5 Gt per year over a period of a decade from 2015-2025. A methane release on this scale is orders of magnitude greater than found in the geological record, is much larger than suggested by hydrate modelling, and is not seen in atmospheric measurements (either locally in the Arctic or globally) to date. 

Except in 2007, our own observations from the atmospheric boundary layer in the Arctic show recent increases in atmospheric CH4 at approximately the current global mean rate (e.g NOAA network data): there is currently no large Arctic anomaly. The lack of trend in the difference between surface zonal means calculated for 53 to 90° North and South indicates no significant relative increase of Arctic emissions during the past two decades 3. An emission on the scale of that suggested by Whiteman et al (2013) would readily manifest as a large deviation from this mean regionally as the meridional mixing timescale is too long to remove this emission signal. We estimate that such emission would increase the Arctic mean concentration by more than 10% year on year (or approximately 200 ppb), which has not been observed by our measurements in the area or in the GAW record. Wind travels - it is not static: our sustained surface measurements of Arctic air masses do not support the publicized4 inferences of high local sources from unpublished satellite observation of highly-enhanced CH4  in the mid- to upper-troposphere retrieved from AIRS (Atmospheric Infrared Sounder) during January 2013 over open water on the Eurasian Arctic Shelf.  Daily-average methane concentrations depend on wind transport, typically over hundreds of kilometres. Due to the typical weighting of satellite retrieval averaging kernels toward high tropospheric altitudes, air observed by satellite at mid- to upper-troposphere heights has traveled far horizontally and much is likely to have come from temperate latitudes, and may not be representative of Arctic sources.

The atmospheric record of 13C in CH4 also gives no support for major hydrate-sourced methane releases currently reaching the atmosphere.  Our isotopic evidence shows that in wind sampled in the high Norwegian Arctic, the regional summer methane increments are dominantly from Arctic wetland10, not from hydrate. Our unpublished high-precision aircraft-based isotopic  measurements in 2012  reinforce this conclusion. As hydrate release is from deeper than seasonal temperature cycles, the absence of summer release also implies its absence in winter. Large hydrate-sourced releases are indeed already occurring, such as submarine plumes we have observed offshore Spitsbergen 11, but most gas is taken up in the water column, and the methane flux reaching the air is currently limited.  

Hydrates are stabilized by pressure and low temperature. Thus they are near seabed under ~400 m of water, on land buried by hundreds of metres of sediment, or on the shallow Arctic shelf under ~40 m seawater and ~200 m relic permafrost and sediment.  It takes time for a heat shock to penetrate so deep.  On land, heat must travel downwards.  Ocean water at 400m depths must respond to surface warmth. Shelf waters warm more rapidly, but heat must still penetrate underlying sediment. Released methane must then pass through the oxidation and dissolution zones to reach air. Although local bubbling may be intense, mathematical models of hydrate decomposition 1,2  and also the glacial termination record 6 suggest  the bulk of hydrate degassing will be "chronic" 7, spread over centuries or millennia,  rather than catastrophic, . 

There are roughly 5 Gt of methane in the modern global atmospheric burden, with a total global flux of about 0.5 Gt per year 3. Sudden Arctic warming, with very sharp temperature rises over a period of a few decades, has occurred in the past during glacial terminations 5, accompanied by increases in the global methane burden of about 1 Gt, supported by flux increases of very roughly 0.1 Gt. This was likely driven dominantly by wetland emissions 6, but probably also with releases from decaying methane hydrates 1,2,6. This would imply that in glacial terminations,  despite the scale and speed of Arctic warming, the likely hydrate-sourced flux was probably less than 0.05 Gt annually 2. After millennia of cold, Late Glacial hydrates were probably more abundant and more rapidly destabilized by marine transgression and warming than will be the case in the current rapid Arctic warming; Whiteman et al.'s 100x greater modelled future flux from 2015-2025 is thus very improbable. 
Clearly large individual events can and probably will occur in the near future, such as major pockmark bursts and massive submarine landslides on hydrate 8,9, while local bubbling may be widespread on shelf seas. But even with such events the geological record shows that total decadal hydrate-sourced fluxes are very unlikely to exceed 1 Gt, and may be far less than that.  A 50 Gt decadal release  is thus not credible.

Arctic methane emission is certainly a major and potentially dangerous climate feedback, of global significance. It is likely both from sharply more productive wetlands and from marine and terrestrial hydrates. This is an important and potentially powerful consequence and reinforcer of global warming. Arctic methane emission needs to be closely studied and carefully monitored.  However, while hydrates are indeed important, they need to be held in context.  In the natural system, globally, the response of wetlands (including tropical wetlands) demands careful monitoring. Large but reducible anthropogenic methane emissions, such as gas and coal-sourced leaks, and deliberate biomass fires, need attention.  The climate debate is complex and best served by studies that are factually based, rooted on ongoing observation. 
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