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Interactions between methane production and industrial emissions of S gases
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Modelled total S-dep
1960-2030

Global interpolated distribution
of total (wet + dry) S-
deposition (mg/m?/year) for the
years 1960 (a), 1990 (b) and
2030 (C)
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Deposition of SO,%-S across Europe
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Other Experimental Evidence

A short-term experiment in Minnesota USA
(Dise and Verry 2001)
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Other Experimental Evidence

 Ashort-term experiment in Minnesota, USA
(Dise and Verry 2001)

 Along-term manipulation experiment in
Sweden (Granberg et al 2001)
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Other Experimental Evidence

 Ashort-term experiment in Minnesota, USA
(Dise and Verry 2001)

 Along-term manipulation experiment in
Sweden (Granberg et al 2001)

 Short-term controlled environment
experiment (Gauci et al 2004Db)
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Other Experimental Evidence

A short-term experiment in Minnesota, USA
(Dise and Verry 2001)

A long-term manipulation experiment in
Sweden (Granberg et al 2001)

Short-term controlled environment
experiment (Gauci et al 2004Db)

A study of sulfate reduction in peatlands
along a global S deposition gradient (Vile et
al 2003)
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SO,% reduction potential
(nmol SO,% gt hrt, 10cm depth)

November 1997
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Percentage change in suppression of CH4 flux and change in sulfate-reduction rates with SDEP
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Global wetland CH, model
(Walter and Heimann, 2000)
12 year run
1982 - 1993

Coupled ocean-
atmosphere model
GISS GCM
Russell et al.,
(2000)
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temp. and precip. |—p
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Regression model of
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Tropospheric sulfur
simulation
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Koch et al., (1999)
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Global wetland CH, emissions
as affected by spatial and
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deposition

Schematic representation of models
utilised for estimation of the effects

of spatial and temporal changes in
sulfur deposition on the global

wetland CH, source.
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Global wetland CH, model
(Walter and Heimann, 2000)
12 year run
1982 - 1993

Coupled ocean-
atmosphere model
GISS GCM
Russell et al.,
(2000)

—»| CH,anomalies with
temp. and precip. |—p
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Regression model of

anomalies.

Tropospheric sulfur
simulation
GISS GCM

Koch et al., (1999)
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Global wetland CH, emissions
as affected by spatial and
temporal changes in S-
deposition

Schematic representation of models
utilised for estimation of the effects
of spatial and temporal changes in

sulfur deposition on the global

wetland CH, source.




Global wetland CH, model -
(Walter and Heimann, 2000) Tropospheric sulfur
12 year run simulation
1982 - 1993 GISS GCM
l Koch et al., (1999)
Coupled ocean-
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Effect of SDEP on the global wetland CH4 source with time
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Problems?

* How representative are short-term manipulation studies of the ‘real world’ situation?

* Results from N manipulation experiments are unclear — long-term experiments
required.

e Low S-dep manipulation is difficult (background deposition is increasing)
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Interactions between
methane production

CH, and industrial
A emissions of S gases
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Suppression of CH, flux (%)
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Na,SO, additions at
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Deposition of SO,%-S across Europe

Total Deposition of Oxidized Sulphur in 1896
EMEP/M3C—W
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250

mg CH, m? day™

Time series of treatments vs. controls (n =4)

control vs simulated sulfate deposition

—@— control
—O— 100 kg S/halyr

250

mg CH, m? day™

control vs single 'fertilizer' application

Error bars = +/- SE

—@— control _
—(O— 100 kg S/ha (single addition)

Gauci et al (JGR 2008a)



Treatment Mean CH,y Total CHy % suppression P —value
flux (+SE) E11115510111 (treatment vs. (MANOVA)
{mgﬁ Hsm (g CHsm™) control)
.{.d'l)
Duration of experiment (day -
77)
n=60
Control 82.9 (8.8) 6.61
100kgSha'ly!  75.3(6.8) 5.74 13 n.s.
100 kg S ha™ 64.0 (8.8) 4.86 31 <0.01
Grain filling/ vipening stage
(day 38 — 63)
n=20
Control 134 (14.8) 3.65
100 kg Sha'y’ 103 ( 8.8) 2.77 <0.05
100 kg S ha™ 86 (10.5) 2.45 <0.05

Table 1. Sumunary table of CHs emission response to experimental SO, addition. p values

denote the significance level of any difference between individual treatments and the control.

Gauci et al JGR (2008a)



New data vs van der Gon data set for comparison

Suppression of CH, flux (%)
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Single ‘dose’ sulfate
application data from
van der Gon et al (2001)
+ acid rain simulation
data — this study.



Applied S and Harvest Index

Harvest Index (HI)
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100 kgS/halyr
treatment
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Gauci et al JGR (2008a)

Different letters indicate
significant difference
p < 0.05 (ANOVA)



Yield is linked to substrate supply and methane production
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Temporal variation in suppressive effect of sulfate.

control vs simulated sulfate deposition control vs single 'fertilizer' application
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How long does the sulfur effect last?




total flux g CH_/m*

total flux g CH,/m*

Return to Moidach:
CH, recovery from pollution events?

A 1998

Table 1. Molar Ratios of Suppressed CH; to Applied SO;~ for
Three Time Periods: 1997, 1997+1998, and 1997 to 2000"

Treatment,
kg SO Applied SO; Suppression of CHg: SO;
Period S/halyr moles/m” CH; moles/'m” (£)
1997 25 0.08 0.38 49

) 50 0.16 0.23
: il ak: &b e 100 0.31 0.44
wreatment (kg SO, -5 ha * year”) 1997+1998 25 0.12 0.44
50 0.23 0.34
12 100 0.47 0.49

8 - 1997 t0 2000 25 0.12 0.88 (0.14) )

50 0.23 0.74 (0.23) 2 (1.0

100 0.47 1.05 (0.14) ).3)

“Parentheses indicate a + envelope around the mean hascMw and
high CH,4 emission scenarios for 1999 where the conservative estimate was
equivalent to emissions in 2000 and the high estimate was equivalent to
1998 emissions.

Gauci et al (2005) GRL

convirol 25 50 100
treatment (kg SO,” -S ha ~' year ')



1783-84 Laki Eruption in Iceland
(8 June 1783 — 7 February 1784)



Extent and date of first appearance of Laki haze at surface.

Thordarson and Self (2003)
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Laki S-deposition 1783-84 (Stevenson et al 2003)




Atmospheric Laki sulfur

simulation
MetOffice GCM
(Stevenson et al et al., 2003)
1782-85 climate as Regression model of
influenced by Laki CH,anomalies with
aerosol —»  temp. and precip. —
(Highwood and anomalies. > CH, from wetlands S deposition (wet + dry)
Stevenson 2003) 1782 -85 1783-84
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Schematic representation of models utilised for estimation of
the effects of spatial and temporal changes in sulfur
deposition on the global wetland CH, source.
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Northern wetland CH, source (>30°N) Tg/year
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Change in Wetland CH, emission due to Laki Hi S dep (g CH,/m?/yr)
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Modelling the impact on atmospheric methane
concentrations over time

The effect of a change in emission rate on the atmospheric load was modelled using the
equation describing the methane budget [Etheridge et al, [1998] equation 1]:

B _. B

dt T
where B is the methane burden in atmosphere (Tg), tis time (year), S is the methane source

emission rate (Tg year?), and T is the lifetime of methane in the atmosphere (year). The

mixing ratio [CH4] in ppbv is related to the burden, B, by [CH4] = B/c where the constant ¢ =
2.767 Tg ppbv-1 [Fung et al., 1991].

Gauci et al (2008b) JGR



Greenland ice core [CH,] ppbv
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summary

Methane emissions from wetlands are suppressed by sulfate
deposition.

The effect is significant at the global scale and is offsetting growth
In the wetland source that would be taking place due to warming.
CH, emissions may rebound if S suppression is reduced.
Recovery may only take place over decadal time scales.

The effect may also be reducing rice CH, emissions.

Work is required to synthesise CH, emissions from wetlands
spanning deposition gradients and to examine the effect in the
tropics.

Volcanic eruptions can have a similar effect and the Laki eruption
provides a historical ‘experiment in time’.
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