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Why Methane?
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Methane increase, stop t
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Methane ups and downs. Globally averaged atmospheric

methane concentrations rose quickly before 1992. The rise |-

then slowed and almost stopped between 1999 and 2006,
but resumed in 2007. Data from ftp://ftp.cmdl.noaa.gov/
ccg/chd/flask/eventy.

Nisbet et al., 2014, Science
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Methane on the Rise—Again

Euan G. Nisbet,' Edward J. Dlugokencky,? Philippe Bousquet®

Atmospheric concentrations of the greenhouse gas methane are rising, but the reasons remain
incompletely understood.
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Reduced methane growth rate explained by
decreased Northern Hemisphere microbial sources

Fuu Ming Kai't, Stanley C. Tyler't, James T. Randerson’ & Donald R. Blake®

BRIEF COMMUNICATIONS ARISING

No inter-hemispheric §">CH, trend observed

oM Kai, F. M, Tyler, 5. C, Randerson, 1. T. & Blake, D. R. Nature 476, 194-197 (2011)
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Three decades of global methane sources and sinks

Stefanie Kirschke etal.”




Methane increase, stop then rise again?
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Figure 6.18 | [Top] Giobaly averaged growth mEte of stmospheric CH, in pph yr' determined from the Mational Doeanic and Atmosphesic Administration—Earth System Research
Laboeatary (NOASA—ESAL) network, representative for the marine boundzry layer [Bottom) Atmosphesic growth rate of (H, a5 a function of latitude (Masane and Tans, 1995;

Dugokencky and Tars, 2013k).



Large uncertainty of wetland methane emissions?

Table 1| CH, budget for the past three decades.

TgCH, yr
1980-1989 1990-1999 2000-2009
Top-down Bottom-up Top-down Bottom-up Top-down Bottom-up
Matural sources 203 [150-2671 355[244-466] 182 167-1971 336 [230-465] 218 179-273] 347 [238-484]
Matural 167 [N5-231]=a7 295 [183-26614%4 1501441607107 206 [169-2651942 175 [142-208]#e=27ammee 217 [177-284]40-4
wetlands
T-D B-u T-D B-u T-D B-1
Matural : : Reobustness
WEHE:r:E L ' @ . {no. of studies)
| | 1-3
Oth | |
snurc:rsr ® ® . ® . ® 46
Agriculture i i e
and waste ® i ® i . ®
' ' Agresment
: : betwesn studies
Ei 1 1
;‘:2?:; ® o : . : . . High (<33% difference)
1 1
Fossil : | Low (>66% differance)
fuels X ® ® X ® e
COH | |
chemical sink ® : @ L : .
i i
1980-1989 : 1990-1999 : 2000-2009

Figure 2 | Evolution of uncertainty on estimates of methane emissions and sinks presented in Table1. Circle size depicts the robustness of the estimate
{number of studies). Circle colour illustrates the level of agreement among studies (min-max ranges): green, high confidence; yellow, medium confidence;
red (with black dot), low confidence. Circles are grey when only one study has been used. A large green circle, for example, indicates a very good level

confidence®, Klrschke et al’ 2013



Vulnerability of the methane budget to paleoclimate?
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Figure 4.6: Paleoclimate records of the last million years: LR04 4'50 stack (black) [Lisiecki and Rayme, 2005],
SST and 4'*0 from marine sediment ODP 8468 (red) [Lawrence et al, 2006; Mix et al., 1905], §*°0 and goethite
(3} & hematite (H) percentages from terrigenous fractions of a sediment in the western tropical Atlantic
indicating variations of Amazonian lowland precipitation (blue) [Harris and Mix, 1999), EPICA Dome C and
Viostok CHy and Dome T 4D (green, data a= in Fig. 4 of Spahni et al., 2005), variation of insclation in June at
65" N on a relative scale (grey) [Cheinn et al, 1991]. All data are plotted on individual time scales, that differ
during certain stages. This is visible in the 4**0 and 41} records (bottom curves).



Methane vs. rapid glacial-interglacial climate change ?
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Figure 1 | Typical carbon and hydrogenisotopic signatures of different CH,
sources used in the Monte Carlo model. Data are from refs 10 and 11 and

Fisher et al., 2008, Nature
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Figure 2 | Glacial/interglacial changes in methane and climate. Carbon



Methane from boreal wetlands during glacial-deglacial transition?
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methane isreduced during cold climate periods. We also show that
boreal wetlands are an important source of methane during warm
events, but their methane emissions are essentially shut down

during cold climate conditions.

Methane is possibly the most intriguing
and least understood of the naturally oc-
curring atmospheric greenhouse gases. It
shows far greater sensitivity and covari-
ance with climate change than carbon
dioxide (5), especially with the rapid and
transient transitions discovered from the
last climatic cycle. It also has been hy-

Behl et al., 2011, PNAS Dallenbash et al., 2000, GRL
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Flgure 3. Source distribution among the three boxes of our
model for each of the selected time intervals (warm and cold
stages during the Last Glacial (LG), the Last Glacial
Maximum (LGM), the Belling/Allered (B/A) and the
Younger Dryas (YD) period). The source in box South was
fixed at 12 Tg/yr during the LGM and the cold periods
respectively at 15 Tg/yr during the other time intervals.
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Methane from wetlands

organic matter

Methane oxidation: Methanogenesis:
CH, +20,- CO, +2H,0 Hydrogenotrophic: CO, +4H, = 2 H,O+CH,
Acetotrophic: CH,COOH = CO, + CH,

Total methane emission: www.ibp.ethz.ch
11

Methane production rate * wetland area


http://www.ibp.ethz.ch/research/environmentalmicrobiology/research/Wetlands

Modeling methane emissions processes

Figure 1. Schematic of the one-dimensional methane model. The processes leading to methane emission to
the atmosphere occur in the soil between soil depth and soil surface. Methane production takes place in the
anoxic soil below the water table; the methane production rate depends on soil temperature and NFP.
Methane oxidation occurs in the oxic soil above the water table and depends on temperature. The model
calculates methane concentrations in each (1 cm thick) soil layer. Transport occurs by diffusion through
water-/air-filled soil pores, ebullition to the water table, and plant-mediated transport from layers above the
rooting depth. Methane emission to the atmosphere is calculated daily.

12
Walter et al., 2001, JGR



Modeling wetland methane scheme

FORCING RATES FLUXES
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Fipore 1. Schematic representation of the mode] structure. The one-dimensional soil column is divided inte | om
thick parallel tayers, The forcing consists of daily recards of the water table, the soil temperature, and the NFP. Meth-
ane producion occurs in te sadl zone berween e 503t depth nsonl and the water table w, which can be either below
ar above the zoil surfoce ns, The methanc production rate R gitz) is a functien of the soil tempo swe TS P
the NFF, which is taken s a measore for substrate availability. Methane oxidation ic confined fo the eoil layers
Detween the water table and the soil surface, The methane oxidation rate B,,00.2) follows Michaelis-Menten kinet-
it and s a funetion of the soil temperature T, (t2). Transport proceeds by (1} melecular diffusion throwgh the aeil
pores, (20 eballition, which 1s the formation of gas hikbles in the water eaturated layere and their secent o the waser
table, and {3} plant-medizted transport from layers above the rooting depth nroot to the atmosphere, The model cal-
culates methare fluxes to the stmesphers and methane concentration profiles in the soil on a daily hasis.

Walter et al., 2000, GBC
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Modeling Methane

Take ORCHIDEE as an example:
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Methane production rate modeling in ten models?

Table 1. List of WETCHIMP pamicipating models. Mot all models contributed results to all experiments. The concepmalized. general
description of net methane flow, F, by each model is adapted from Table 5 in Wania et al. {2012). This formulation is for illustrative
purposes; thus the main vanables and parameters used in CHy production are detailed, but oxidaton, &, and atmesphenic oxidation, Cam,
are not. For all results presented in this paper, all @3 values were set to 0, allowing companzon of modelled gross fuxes. All vartables
listed are described in the table footnotes. Note that identical parameters variables for diferent models do pot imply identical valies nsed in
the models. A full isdng of conmibated experiments and madel set-ups for the expeniments, a5 well as greater detail on the modals” methane

flux parametarizations, is provided in Wania et al. {2012).
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Modeling wetland area --- TOPMODEL

TOPMODEL Topographic index
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TOPMODEL
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Simulated wetland extent

Mormalized wetland extent
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Satellites observed wetland extent

Prigent’'s 2007 dataset (GIEMS)
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Simulated wetland extent
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Simulated wetland methane emissions
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Simulated wetland methane emissions

a & h o

Wetland extent simulation is the
key of wetland methane
emissions.

& & b oowm

Wetland area anomaly (%) / GH, emissions anomaly (%)

m & & h o

Melton et al., 2013
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Challenges

Hydrate from shelf, permafrost
Fugitive fossil fuel, shale gas
Boreal wetlands

Thermokarst lakes/ponds

Tropical wetlands
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Methane clathrate

Methane Hydrate pressure-temperature phase diagram
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Fugitive methane from fossil fuel
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Figure 4 | Running global averages of ethane mixing ratios and methane
growth rate. The methane measurements, which were co-sampled with

from 1984 to 2010. We attribute this to decreasing fugitive emis-
sions from ethane’s fossil fuel source—most probably decreased
venting and flaring of natural gas in oil fields—rather than a
decline in its other major sources, biofuel use and biomass burn-
ing. Ethane’s major emission sources are shared with methane, and
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Simpson et al., 2012
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Boreal wetland

Increased precipitation
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Thermokarst lakes

Source from Chen et al., 2013; WERC, UAF

Fig. 1. [A) Locations of Siberian lake inventories, permafrost distribution,
and vanished lakes. Total lake abundance and inundation area have
declined since 1973 (B), including [C) permanent drainage and revegetation
of former lakebeds (the armow and oval show representative areas). (D) Met
increases in lake abundance and area have occurred in continuous
permafrost, suggesting an initial but transitory increase in surface ponding.

Smith et al., 2005, Science
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Tropical wetlands

Changes in Precipitation
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Tropical wetlands

Annual mean near-surface soil moisture change (2081-2100)
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