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CH4 accounts currently for 32% of the radiative forcing of the long-lived GHG
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Continued emission of greenhouse will cause further
warming and long-lasting changes [...], increasing
the likelihood of severe, pervasive and irreversible
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Figure 6.36 | Schematic synthesis of the magnitude and time scales associated with possible future CH4 emissions (adapted from O’Connor et al., 2010). Uncertainty in these future changes is large, and so this figure demonstrates the relative magnitude of possible future changes. Anthropogenic emissions starting at a present-day level of 300 Tg(CH4) yr–1 (consistent with Table 6.8) and increasing or decreasing according to RCP8.5 and RCP2.6 are shown for reference. Wetland emissions are taken as 140 to 280 Tg(CH4) yr–1 present day values (Table 6.8) and increasing by between 0 and 100% (Section 6.4.7.1; Figure 6.37). Permafrost emissions may become important during the 21st century. CH4 release from marine hydrates and subsea permafrost may also occur but uncertainty is sufficient to prevent plotting emission rates here. Large CH4 hydrate release to the atmosphere is not expected during the 21st century. No quantitative estimates of future changes in CH4 emissions from wildfires exist, so plotted here are continued present-day emissions of 1 to 5 Tg(CH4) yr–1 (Table 6.8). 
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Carbon storage in Northern Hemisphere high latitudes
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(Schuur et al., 2015, Nature)
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Schuur et al. 2015:
The new northern permafrost zone carbon inventory reports the surface permafrost carbon pool (0–3m) to be 1,035 +/- 150 Pg carbon (Fig. 1a).
The rest of Earth’s biomes, excluding the Arctic and boreal regions, are thought to contain 2,050 Pg carbon in the surface 3m of soil.
Deep carbon in Yedoma region: 210 +/- 70 Pg carbon (ref. 16) and 456 +/- 45 Pg carbon (ref. 18).
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Schuur et al. 2015:
The new northern permafrost zone carbon inventory reports the surface permafrost carbon pool (0–3m) to be 1,035 +/- 150 Pg carbon (Fig. 1a).
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Figure 3: C loss during a three-year-long incubation based on five sites a–c, Observed C loss in percentage of initial C per year based on CO2 production rates during three years at 5 C under (a) anaerobic and (b) aerobic incubation based on top permafrost samples collected at five Arctic grassland sites (c). Panel c ' International Permafrost Association.

Abstract Elberling et al. (2013)
Thawing permafrost represents a poorly understood feedback
mechanism of climate change in the Arctic, but with a potential
impact owing to stored carbon being mobilized1–5. We have
quantified the long-term loss of carbon (C) from thawing
permafrost in Northeast Greenland from 1996 to 2008 by
combining repeated sediment sampling to assess changes
in C stock and >12 years of CO2 production in incubated
permafrost samples. Field observations show that the activelayer
thickness has increased by >1 cm yr-1 but thawing has
not resulted in a detectable decline in C stocks. Laboratory
mineralization rates at 5 C resulted in a C loss between 9
and 75%, depending on drainage, highlighting the potential of
fast mobilization of permafrost C under aerobic conditions, but
also that C at near-saturated conditions may remain largely
immobilized over decades. This is confirmed by a three-pool C
dynamics model that projects a potential C loss between 13 and
77% for 50 years of incubation at 5 C.


Carbon release from methane hydrates
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Kretschmer et al., 2015:

Large amounts of methane hydrate locked up within marine sediments are vulnerable to
climate change. Changes in bottom water temperatures may lead to their destabilization and the release
of methane into the water column or even the atmosphere. In a multimodel approach, the possible impact
of destabilizing methane hydrates onto global climate within the next century is evaluated. The focus is set
on changing bottom water temperatures to infer the response of the global methane hydrate inventory
to future climate change. Present and future bottom water temperatures are evaluated by the combined
use of hindcast high-resolution ocean circulation simulations and climate modeling for the next century.
The changing global hydrate inventory is computed using the parameterized transfer function recently
proposed by Wallmann et al. (2012). We find that the present-day world’s total marine methane hydrate
inventory is estimated to be 1146 Gt of methane carbon. Within the next 100 years this global inventorymay
be reduced by ∼0.03% (releasing ∼473 Mt methane from the seafloor). Compared to the present-day annual
emissions of anthropogenic methane, the amount of methane released from melting hydrates by 2100 is
small and will not have a major impact on the global climate. On a regional scale, ocean bottom warming
over the next 100 years will result in a relatively large decrease in the methane hydrate deposits, with the
Arctic and Blake Ridge region, offshore South Carolina, being most affected.
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very uncertain. These studies do not consider the sequestration of C through vegetation, peatland growth. Peatland growth is a persistent sink of C.

koven15ptrs: Data constrained estimates.
Under a medium warming scenario (RCP4.5), the approach projects permafrost soil C losses of 12.2–33.4 Pg C; under a high warming scenario (RCP8.5), the approach projects C losses of 27.9–112.6 Pg C. Projected C losses are roughly linearly proportional to global temperature changes across the two scenarios.
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strong decrease of dD(CH4) is a sign for methane addition to atm from boreal wetlands 
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strong decrease of dD(CH4) is a sign for methane addition to atm from boreal wetlands 
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IPCC 2013: Overall, there is medium confidence that
emissions of CH, from wetlands are likely to increase in
the future under elevated CO, and warmer climate.

There is no indication currently, that carbon release will
be catastrophic, neither from land nor from the ocean.

Ocean warming releases negligible amounts of carbon
from hydrates.

Models do not consider carbon sequestration due to
peatland growth in a warmer and wetter climate.

Models remain incomplete and observations are limited
In space and time. Large uncertainties persist.
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Global mean surface temperature change from 1986-2005
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Figure 6.37 | Relative changes of global CH4 emissions from either pre-industrial (a) or present-day (b) conditions and environmental changes that reflect potential conditions in 2100. The first seven models took part in the WETCHIMP intercomparison project and were run under a common protocol (Melton et al., 2013). Bars represent CH4 emission changes associated with temperature-only changes (T), precipitation only (P), CO2 only (CO2) or combinations of multiple factors. Other studies as listed in the figure used different future scenarios: Eliseev et al. (2008), Gedney et al. (2004), Ringeval et al. (2011), Shindell et al. (2004), Volodin (2008), Stocker et al. (2013). 
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Change in average precipitation (1986-2005 to 2081-2100)
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The "methane pause" from 1998 to 2006
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Kirschke et al., 2013: ... 
we show that the observed stabilization of methane levels between 1999 and 2006 can potentially be explained by decreasing-to-stable fossil fuel emissions, combined with stable-to-increasing microbial emissions. We show that a rise in natural wetland emissions and fossil fuel emissions probably accounts for the renewed increase in global methane levels after 2006, ...
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