Wetland Sources and Their Contributions to Arctic
Methane Emlssmns
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 Metabolic product of methanogenic Archaea

 The main substrates are acetate or CO,+H,:
CH,
CH,

(There are a few “non-competitive” subtrates (demethylation of
osmotic regulators, e.g. glycine betaine, trimethylamine, DMSP))

 Formed at low Eh: < -200mV
(very low O,, SO,%- and NO5- concentrations)

. Methanogenesis is strictly an ANAEROBIC process



Methane oxidation

Catalyzed by methanotrophic or methylotrophic bacteria
and archaea

The main substrates are CH, and O,:
CH,

®» Methane oxidation is mostly an AEROBIC
process

(marine sediments, metalliferous and hypersaline
environments are the exceptions)



Some Points about Tropospheric CH,

1. Its mixing ratio is increasing in troposphere, with a rate that
appears to have become variable in recent years.

2. The reason for the increasing trend is not clearly established, but
both natural and anthropogenic sources appear to be important.

3. Its mixing ratio is larger by 5 — 10% in NH compared to SH.

4. Its seasonality is similar to that of CO..

5. Its principal removal mechanism from the troposphere is
chemical decomposition by OH attack. Its lifetime is thought to be
8 to 11 years.
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cLosaL carson Global Methane Budget 2003-2012
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Methane Measurements
NOAA ESRL Carbon Cycle
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Carbon Cycle cooperative air sampling network. The red line represents the leng-term trend. Bottom: Global
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[303) 497-6228, ed. dlugokencky@noaa.gov, http://www esrl.noaa govigmd/cogg)

2012

2016



CH, (ppb)

C (%)

My

1825

1800

1775

—-47.0

—-47.1

.
-

—47.2
—-47.3

llllllllllllllllllllllll lllllllllllllllllll

Provided by: Michel, White CU INSTAAR; Dlugokencky NOAA ESRL



Kirschke Bottom Up Methane Budget

Tropospheric OH

+ Leunmiinsg
[incl. binfmels ]

Kirschkeet al 2013



Global Distribution of Atmospheric Methane
NOAA ESRL Carbon Cycle
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Global Carbon Pools
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CH4 FLUX (Tg/yr)
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Fraction of Grid Cell Inundated Average Annual Methane Flux (gCH, m? yr'), 1997 - 2006
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Terrestrial areas of the Arctic were a net source of
41.5 Tg CH, yr~! that increased by 0.6 Tg CH, yr™?
during the decade of analysis (1997-2006).

McGuire et al. 2010



%  Soil organic carbon
* storage (0—-3 m):

B 0.1-30 kg m2

30-50 kg m

Hugelius et al. 2013; Schuur et al. 2015



S h ifti n g T re n d S i n t h e Al‘Cti c Surface energy exchange (W-m—2.decade )
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GISTEMP LOTI Anomaly (°C)
April 2017

Base Period: 1951-1980 Data Min = -5.7, Max = 7.5, Mean = 0.9 NASA/GISS/GISTEMP



Drained or Dry Peatlands and Permafrost
Palsa, Heath

Drains to Local Hydrology

Woody Plants and Shrubs

CH4 + 202 — COz + 2H20
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Wet Peat or C, , Accumulating Very Wet Productive Systems
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Stordalen Mire, 2012-16
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R. Conrad{ FEMS Mioobiology Ecology 28 (1999 ) 193-202
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Fig. 1. Pathway of anaerohic degradation of organic mater i meathane.
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Figure 4 Metabolic scheme for the degradation of
complex organic matter, culminating in methanogen-
esis. Polymers are cleaved via extracellular or cell-
surface associated enzymes to monomers that are
fermented to organic products, H, and CO,. Methane
is formed primarily from the oxidation of H> coupled to
CO; reduction or by the fermentation of acetate. Acetate
is formed by primary fermentation, acetogenesis from
H2/CO7, and from secondary fermentation of primary
fermentation products.

Megonigal et al. 2004



Genome-centric analysis
of whole community
carbon metabolism

across the thaw gradient
and by depth

Ben Woodcroft
2017, in prep



Thaw shifts methane isotopically heavier...
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Simulated daily CH, production partitioned into hydrogenotrophic & acetotrophic production

Sphagnum Eriophorum
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Simulated and observed §3C of daily CH, fluxes
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Hydrology affects CH, flux from Wetlands
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—

log,, CH, (1994) = 0,039WT +2,022
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100 +

mean CH, flux (mg CH, m® d”)

log,, CH, (1996) = 0.042WT +2.026
R? = 0.60
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Bubier et al. 2005



Though not always in the way yo
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Temperature affects CH, flux from Northern Wetlands
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Though not always in the way you expect
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ACH, (ppb)
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Table 1. Arctic CH4 Budget; Bottom-Up Versus Top-Down

Tgy ' Study

Bottom-Up Estimates
Lakes and ponds > 50°N 16.5+9.2 Wik et al. [2016b]
Lakes and ponds > 60°N (bLake4Me model) 11.9 Tan and Zhuang [2015]
Rivers and streams > 54°N 03 Bastviken et al. [2011]
Rivers and streams > 54°N 75 Stanley et al. [2016]
Reservoirs > 54°N 12 Bastviken et al. [2011]
Arctic Ocean + Beaufort and Chukchi Seas (<82°N) 2 Kort et al. [2012]
ESAS 29 Thornton et al. [2016]
ESAS 17 Shakhova et al. [2014]
Wetlands > 60°N 232 Zhang et al. [2004]
Wetlands > 53.1°N (CarbonTracker prior model, based on Bergamaschi et al. [2005]) 31 Bruhwiler et al. [2014]
Wetlands > 50°N (ORCHIDEE model) JNES Bousquet et al. [2011]
Sources sum (minimum-maximum) 59.7 (36.9-89.4)

Top-Down Inverse Model Estimates
=>60°N, all natural sources 2345 Bruhwiler et al. [2014] Saunois et al. [2016]
ESAS 0-4.5 Berchet et al. [2016]

®Recent bottom-up estimates for various Arctic CHs source flux strengths are sorted into categories of lakes and ponds, rivers and streams, reservoirs, Arctic
Ocean, ESAS, and wetlands. Estimates are based on extrapolations of measurements, except for the three process models noted. Note that the latitude bands
differ, which partly account for the ultimate bottom-up uncertainty seen here. Arctic Ocean flux is from the reported 2mgm 2477 extrapolated over
10x 106km of seasonally ice-free Arctic Ocean regions for 100 ice-free days [Kort et al., 2012]. Rivers and streams high estimate is based on the Stanley et al.
[2016] global fluvial flux database distributed into fluvial surface areas reported by Bastviken et al. [2011]. Sum uses averages of the all estimates per category.
Minimum uses category low values and lower bound of the Wik et al. [2016b] lake estimates; maximum uses category high values and upper bounds of
ORCHIDEE wetland model and the Wik et al. [2016b] lake estimates. Including subarctic and boreal wetlands from 45°N to 60°N would add 34 Tgyr " to the
Zhang et al. [2004] wetland estimate.

Thornton et al. GRL, 2016



High Latitude CH, Emissions

inverse models (top-down):

23 Tg yr-1

measurement-based (bottom-up):

59.7 Tg yr-1

Are some sources double-counted
in bottom-up accounting,

or are top-down inverse models wrong,
or we don’t understand the sinks??



1. shallow lakes look like wetlands

AT R T e e T AR

wetlands definitions generally include most shallow Arctic lakes:

< 2 m depth, < 0.1 km?2 = wetland



2. higher resolution surveys now resolve small lakes/ponds

Total area of water
a bodies < 0.1 km?
T north of 50°N



3. small lakes don’t emit CH, like wetlands
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small lakes and ponds emit more CH4 per unit area



4. Pixilation loses area of
open water

Stordalen Mire, Sweden

4990/0 i0ss of estimated open

water area when decreasing from
2 m to 350 m pixel resolution

Thornton et al. GRL, 2016



Can 0613C-CH, help us?

-140 -85

L

Northern lakes and ponds

Beaver pond, Manitoba (Dove et al., 1999)

Post-glacial lakes, Alaska (Walter et al., 2008)
Thermokarst lakes, Siberia (Walter et al., 2008)
Thermokarst lakes, Alaska (Brosius et al., 2012)
Thermokarst ponds, N. Quebec (Bouchard et al., 2015)
Post-glacial lakes, N. Sweden (Wik, 2016)

Arctic lake, W. Greenland (Thompson et al., 2016)

Northern wetlands

Tundra, Alaska (Quay, et al.,1988)

Wetland, Hudson Bay Lowlands (Kuhimann et al., 1998)
Wetland, Siberia (Nisbet, 2005)

Wetland, N. Finland (Sriskantharajah et al., 2012)
Wetland, N. Sweden (McCalley et al., 2014)

Northern marine shelf sediments
Laptev Sea (frozen) (Koch et al., 2008)
Beaufort Sea (thawed) (Coffin et al., 2013)
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Buor-Khaya Bay (thawed) (Overduin et al., 2015) . J |
Buor-Khaya Bay (frozen) (Overduin et al., 2015) e ——

Buor-Khaya Bay (thawed) (Sapart et al., 2016) Ly |
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Thornton et al. GRL, 2016



1/CH,4 (1/ppb x 10°)

=30

-40 1

=50 7

5°C (%o)

-60 -

=70 7

Table 1. §'3C in Northern Methane Sources

Summer 2008

Source

Reference

813C (%)

-46

5.1 5.2 5.3 5.4 5.5 5.6

Wetland, N. Finland:
summer spring
thaw autumn freeze-up
Wetland, Hudson Bay
Lowlands, Canada
Tundra, Alaska
Wetland, Siberia
Ebullition from
thermokarst lakes,
N. Siberia
W Siberian natural gas
Marine clathrate,
W. Spitsbergen
Onshore hydrate,
Mackenzie delta,
Canada
Pine forest fires, Canada

S. Sriskantharajah
(unpublished data)

Kuhlmann et al. [1998]
Quay et al. [1988]

Nisbet [2005]
Walter et al. [2006]

Cramer et al. [1999]
This work

Lorenson et al. [1999]

This work

—68.5+ 0.7
—66.3 + 0.6
—64.9 £ 4.0
—60 + 3

—73 to —55

67 +2
—83 to —58

51 +£3

=50 +5

—48.7 to —39.6

28 £ 1

Fisher et al. Arctic Methane Sources. GRL, 2012




Atmospheric 813C-CH, above Laptev, East Siberian, Chukchi Seas (2014)

regional 8'3C CH, source signatures
1/['2CH, + "*CH, + CH,D]
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Some Challenges
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I will be happy to answer questions about this talk
patrick.crill@geo.su.se

And/or put you in contact with those members of the team
who can best address your questions

photo by Tyler Logan

Thanks to the Stockholm University
Trace Gas Biogeochemistry Lab:
Brett Thorton
Martin Wik
Joachim Jansen
Kristian Andersson

Abisko Scientific Research Station
Abisko summer field crews
1/B Oden crew
The IsoGenie Team
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