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FiG. 2. Beaver fur production in Canada, 1919—1985. Price per
pelt in 1928, in 1928 dollars, was $26.61; in 1963, in 1963 dollars,
$13.33. Data from Statistics Canada Annual, various years. Fluctua-
tions in harvest during the past two decades probably reflect decreas-

ing importance of furs in the northern e
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y, price fl
and impact of social welfare payments, as much as abundance of
beaver (W. Runge, personal communication, 1988).
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Some northern sources of atmospheric methane: production, history, and
future implications
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Department of Geological Sciences, University of Saskatchewan, Saskatoon, Sask., Canada STN OWO
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Revision accepted March 29, 1989

Northern sources, including wetlands and perhaps gas hydrates, contribute significantly to the CH, content of the atmos-
phere. Methane production from northern wetlands, including bogs, swamps, and ponds, is probably very seasonal, being
most important in late summer, with significant evasion in autumn as lakes overmumn. The strong recovery of beaver popula-
tions in Canada, from near-extinction 50 years ago 1o present abundance, may also be important, both in creating new
wetlinds and in the alteration of them; wetlands that have been altered by beaver activity produce orders of magnitude more
methane than beaver-free wetlands. In the Arctic, methane gas hydrates represent a significant source of methane, which
may become more important if Arctic warming occurs as part of global climate change. The danger of a thermal runway
caused by CH, release from permafrost is minor, but real, Other high-latitde sources of CH, include Arctic peat bogs, and
losses from natural gas production, especially in the Soviet Union.

Les sources de gaz dans les réglons nordi incluant les ges el b les hydrates de gaz maturel, contri-
buent significativement au contenu du CH. dans 1'atmosphére, La production de méthane par les marécages nordiques,
incluant tourbibres, marais e1 étangs, est tris saisonnitre, plus en fin d'&é, et évasion possiblement
accrue en automne due au des lacs, L augs bon manquée des p ions de castors au Canada, depuis leur
quasi extinction il y a 50 ans jusqu'a leur nombre actuel, peut étre un facteur important, d'une part, en créant de nouveaux
marécages, et d"autre part, en modifant les marécages; leur activité produit plus de méthane sur ces termins, de 1"ordre de
quelques i i ax terrains dép de castors. Duns 1'Arctique, les hydrates de gaz représentent
une source importante de méthane, laquelle le deviendrait encore plus en cas d'un réchauffement de i'.i\mllqu qui accom-
pagnerait un changement climatique du Globe. En fait, le danger d"un emballement thermique causé par Ia libération de CH,
du pergélisol est minime, mais réel. D'sutres sources de CH, oux Iatitudes élevées incluent les nourbidres ml_n!tasw!m de
1 Arctique, et les fuites qui sont associées & la production du gaz naturel, particuli en Union Soviétique.
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FiG. 5. Stability of methane hydrate in warming permafrost. Dia-
gram shows an extreme case, in which a region with a surface mean
annual temperature of —14°C rapidly warms to a surface mean
annual temperature of +5°C. This warming is at the top end of the
range of predictions for temperature change in the high Arctic in a
4 X CO,; atmosphere: it provides a rough test of the risk of runaway
emission of CH, from permafrost. *‘Initial” geotherm is pre-
warming. Curves (0.5, 1, 5, 10, 100) show depth—temperature pro-
file of the ground at various time intervals, in years, after the
warming. The curves are calculated for a conductive model (Carslaw
and Jaeger 1959, p. 61) with no allowance for latent heat, assuming
a diffusivity of 107 m*/s. The upper hydrate stability curve and stip-
pled stability area are from Kvenvolden (1983), but assuming an
effective density of 2 g/cm® in the overburden. This is an extreme
assumption. The dotted line and region below it show the more likely

unner limit af crahili i that tha diant ic hudrno

Nisbet, 1989. Some northern sources of atmospheric methane: production, history
and future implications. Canadian J. Earth Sciences, 26, 1603-11.



CH, / ppb

5 Cep, /%0

T Alert, 82N

1940 -
1920 ¢ ]
1900 i.:—-
1880 1
L
1860 g
1840 =
1820 .
1800 PRSI T I N O AT I (A A AN I N S (AU OO MU AN I AU AT
B L T B I A0 0 S0 00 20 B0 0 S B e o e o e
= : B s ]
L : 3 F ;" z u
L '; k9 ;"{‘ % é‘ A:IT * ]
ar2f ol v g3 Tow B S04
Fo . oy f X4 i 'y v, -
L wE E ]
o ] e 3?3* . ¥y
[ o e g% N o el v e +7]
M e, * W t - T + Ty
r % % M b T M+
476 { % £ % pit 1.;?: w8
% ¥, A A pi, S
B + 2 T o T3 ##
_ 5 @ “ g 5§ oo
arsl- * 7 3 Sk I
- ‘;’ sl
- +
gl | * INSTAAR 5°C o ]
— —
O | + rauLs™c i
-48.2-’"" 1 | P 1 | P 1 pte s veans ]
01/01/2000 01/01/2004 01/01/2008 01/01/2012

i,

oo I

Zonal evolution of

methane and its C isotopic ratio

Ascension Is.js

8S

CH, /ppb

57°C %

-7t ¥ o s S S S B B S B S S B B B A B A B B N B N i B
o
- CRDS ASC

© RHUL Flasks ASC
= NOAA Flasks ASC

1780

1760

L L LI [N I (L B

T s
(Gg:l T 0

1740

4
€

1720

PN EAT 500 ST TS SR IR ISR S TN T SO WA WO Y SN SR AN S S A AN WY G S

4 LJNLIN N B B B L LB N L LN LIV B I LN L A

T4

466 E I A
468 1
470
a2
aral
A8 INsTAAR ASC |

| + RHULASC
arslLt RHUL Cape Point

PRI APEI AVETE SUEN AT SPATE SPAPES SPES TUPE ST APETE SEATE AR AR AT
01/01/2000 01/01/2004 01/01/2008 01/01/2012

Figs from Nisbet et al. 2016

UK MOYA project 2016-20



Arctic and Boreal natural emissions: exponential response to warming?
Project MAMM (led by John Pyle) - wetland, hydrate, thermokarst, animals

Ruminantsemissions
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Isotopic tracking of the Arctic methane increment summer 2012-13

- main source is wetland

0.5 051 052 053 054 055 | Keeling plots (63Cy, vs 1/CH,) measured in situ
-47.0 ~1/CH I(ppm'1) ‘ ' in Scandinavian air, wetlands and bogs.
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Intercept gives methane source signature.

| | (ibay 13 feci . ;
N TRV VIV EPTY PEp b SV R I 5°C,,, wetland emissions -75%o in North
Air sampled from 250 to 30 000 ft above N. Scandmawa and aIso at_ Further south, around -65%o.
wetland level 1-2m above surface of wetland e e o R. Fisher et al. GBC 2017
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Mysterious Siberian crater attributed to methane

Build-up and release of gas from thawing permafrost most probable explanation, says

=
-
o
-
-
i

Russian team.

Katia Moskvitch

31 July 2014

o i | n e 2

A mystery crater spotted in the frozen Yamal
peninsula in Siberia earlier this month was
probably caused by methane released as
permafrost thawed, researchers in Russia say.

Air near the bottom of the crater contained 1 T4
unusually high concentrations of methane —upto |
9.6% — in tests conducted at the site on 16 July,
says Andrei Plekhanov, an archaeologist at the
Scientific Centre of Arctic Studies in Salekhard,
Russia. Plekhanov, who led an expedition to the
crater, says that air normally contains just
0.000179% methane.

Past example: Arctic

Norway

Mienert et al. (1998)
Geol. Soc. Lond. Sp. Publ. 137:275

Since the hole was spotted in mid-July by a
helicopter pilot, conjecture has abounded about
how the 30-metre-wide crater was formed — a
gas or missile explosion, a meteorite impact and

alien involvement have all been suggested.

Yamalo-Nenets Ohrug

But Plekhanov and his team believe that it is The crater in the Yamal peninsula in Siberia is
- 30-metres wide.

linked to the abnormally hot Yamal summers of

2012 and 2013, which were warmer than usual by

Howe Lake, Saskatchewan
Christiansen et al, CJES, 1982
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The Yamal blowout, 2014 (@) s <ogm /o ot
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Strong suggestion of
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response to warming. 5 =



Methane hydrate in sediment cores from JR211

Source signature of emitted methane from air
samples collected in N, glove bag as the core was
cut onboard the ship

Core JR211-04GC sec 4: 8*3C -51.3 %o

. Core JR211-26 sec 8: 013C -50.3 %o

Methane from hydrate stored in vial onboard ship:

, ! Core JR211-GC33 813C -55.6 %o

Fisher et al. GRL 2011



Field of gas plumes (westbrook et al., GRL, 2009)
|dentified using 38kHz sonar (Simrad EK60 ‘fishfinder’)

More than 250 plumes of gas bubbles from the seabed,
some rising to 50 m below the surface

Landward side of gas hydrate stability zone (GHSZ),
depth range 150-400 m

Occurrence and activity controlled by the GHSZ, which
is sensitive to the effect of changes in water
temperature. Increasing temperature will cause the
release of methane from the dissociation of hydrate

that is present

Pl
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_ water depth 365 m

Westbrook et al., Geophys. Res. Lett, 2009
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Methane and 63C, flight B720 July 2012

B807: Norway to Svalbard.

Interception of long range Russian and Atlantic air. Back trajectories from a box at
1000m around the ﬂlght path look very mixed. NOAA HYSPLIT MODEL

Forward trajectories starting at 1100 UTC 22 Sep 13
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The Arctic problem: hydrate and permafrost emissions

J. France

20Jul20120

MAMM: J. France

NAME model: Michelle Cain, Cambridge
-10 0 10 20 30 40 50 60

The Arctic has large potential methane sources from
hydrate and thermokarst.

Isotopic data suggest -70%o source implying hydrate
emissions to air are small

But there may be future sustained moderate release of
CH, as the sea warms and permafrost decays.
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All ON samples
1/CH, (ppm’)

0.2 0.3 0.4 0.5 0.6
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-48.0 1 +0.6 %
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France J.L,et al. (2016) Identifying Sources of Long-
Distance Transported Methane to the Arctic using

Autumn (Sept 2013)(|V|A|V||V|) 613C in CH4 and Particle Dispersion Modelling. JGR



Arctic methane sources — wetlands mainly in summer, gas leaks in winter.
Hydrate emission occur but are not entering-the atmosphere in significant quantities.

. ,-'F:T‘-'q.____ r‘_ ’;-_' —\—___\'-._\__“_, : #
Fisher, R.E., et al. (2017) Measurement of the” = = ——=
13C isotopic sighature of Northern European £ —=~"- y

wetland methane, Global Biogeochemical
Cycles. doi. 10.1002/2016GB005504 19 p

-~
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Boening et al. GRL 2012 &
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Figure 1. Global mean sea level from altimetry from 1992
to 2012 with annual and semi-anmual variations removed

Tropical wetlands 2011-2014
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Solar Radiation
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Atlantic
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Fig. 4. Section across South America displaying schematically the major large-scale elements
related to the South American Monsoon System. Source: Climate Variability & Predictability
Program (CLIVAR)
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Trends & variability in precipitation

Many studies have linked large scale changes in Hadley and Walker
circulation to an intensification of tropical precipitation over 5°S — 5°N. (e.g.
Zhou et al, 2011, JGR Vol 116, D09101).

The following shows variations around the 30-year average for NCEP
reanalysis precipitation data in five tropical regions associated with
wetlands. Widespread changes started around 2005 — 2006. But interannual
variations do not match the atmospheric 3'*CH, anomalies.

3 —

2 1 Amazon headwaters
Ol
Borneo

1 - T
_Cionlgo—Z

Paplua New Guinea
Congo-1

precipitation changes (mm/day)

— 1t - - - - 1 - - r r T T T T
2000 2005 2010 2015

From Martin Manning, NZ
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Causes of the
rise?

Emissions? — isotopically light, tropical ‘leading’
Wetlands?
Agriculture? — cows, rice?

Sinks? — increasing destruction and isotopic shift

OH in tropical mid-troposhere?

Cl in trade wind marine boundary layer?

soil methanotrophy in tropics?

(Rigby et al. 2017; Turner et al., 2017)



Running Budget Analysis (M.Manning)

1. OH change is not the cause of the rise
Modelling suggests scenarios of reductions in the OH
sink are difficult to reconcile with the 8'3C,,record.

2. The negative 6!3C,, shift implies fossil fuels are a
diminishing share of the global methane emissions.
Growth in coal and gas leaks or biomass fires would shift
isotopic values to more 13C enriched ( /ess negative)
ratios. This is contrary to the actual observation of a
more negative shift.

It is unlikely that the growth in methane is driven by
fracking; indeed by closing coal mines, fracking may
have reduced emissions. Fracking leaks ~1.5% in Barnett
Shale, typically around -46%o (i.e. around -40%o in

atmosphere after Kinetic Isotope Effect).

Zavala-Araiza, D. et al. (2015) Reconciling divergent estimates of oil and
gas methane emissions. Proc. Natl. Acad. Sci. USA, 112, 15598-155602.

3. The most likely explanation of the negative 613C,
shift is increased emissions from wetlands and perhaps
also ruminants such as cows and water buffalo (a cow is
a walking tropical wetland).




CH, ppb

Relative change in
source or lifetime

. o Running 12-month means of methane
—— /,u“’ from the NOAA Network averaged over
1807 i s aa g 0-30° and 30-90° bands N and S.
ol e gl [ Ranges for fits to data shown using
1800 - S g gy [ changes in either CH, sources (darker)
”Jl““?‘"“*-'r‘““‘”'"r”"" e— or in removal rates (lighter).
— Both possibilities give good fits to the
mole fractions.

Corresponding relative changes in zonal
CH, sources (darker) or lifetimes, i.e.
the inverse of removal rates, (lighter
and crosshatched) for each region and
for the global average.

TRENDS Running Budget Analysis (M. Manning in Nisbet et al. 2016), 26
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Running 12-month means for §13C,,,
values from the NOAA and RHUL sites
adjusted to represent averages over
four latitude zones.

Results for changes in sources
(darker) or removal rates (lighter and
cross-hatched)

Corresponding variations in source
613C values for the four regions and
for the global average source 613C.

Running Budget Analysis
(M. Manning in Nisbet et al 2016)
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Rengifereid eructation sources are probably small
though global in December.....

,
ethane. Likely to increase.

In winter, gas and co i|55|onsdom|n jnthdnorthern hemisphere.

Hydrates do not app§ ; L 0 be maklng a significa contrlbutlon at present |
Tropical emissions st t -

5. Already the 7-year J0ppb
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Isotopic signatures of sources

e Different methane sources have
different 613C source signatures

* Ratio of isotopes depends on
temperature, C3:C4, etc.

* Tropical methane sources

~include wetlands, biomass
burning (including C4
grasslands) and ruminants

e Operational Picarro ~ +1%o
e Bag+ GC-CF-IRMS ~ £0.05%o

Source &13Cyy %00

Biomass burning -17 £3

tropical C4 vegetation

Biomass burning -26 =3

C3 vegetation

Gas North sea -34 =3

Gas Russia -50 £5
I Coal and industry -35 +3

Ruminants C4 diet -49 £4

Ruminants C3 diet -70 =4

Wetlands:

Tropical swamps -55 =3

Boreal forest wetlands | -65=%5

Wetlands: bogs & -67 5

tundra

Rice Agriculture -62 =3

Landfills

-53 *+2




