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Figure 2. Time series of simulated dissolved organic carbon (DOC), acetate, and soil CO, concentration (at top 9 cm
depth) under warming and elevated CO, concentration (eCO,). (a—c) Simulated daily concentrations of DOC, acetate,
and soil CO, under warming and eCO,, and (d-f) cumulative impacts of warming and eCO, on concentrations of DOC,
acetate, and soil CO, departure from the ambient simulation (T0.00). Descriptions of manipulation experiments and
cumulative impact calculation are same as Figure 1.

(Figures 3a and 3b). Warming and eCO, stimulated acetoclastic and hydrogenotrophic methanogenesis, but
with different magnitudes (Figures 3d and 3e). Methanogenesis increased in concert with greater warming
(Figures 3d and 3e). After 5-year of warming, acetoclastic methanogenesis increased by 6.7 (5.4-8.0)%, 12.5
(10.1-14.9)%, 21.0 (16.9-25.1)%, and 28.0 (22.6-33.4)% for +2.25, +4.50, +6.75, and +9.00°C, respectively.
Comparatively, warming increased hydrogenotrophic methanogenesis by 30.1 (24.3-35.9)%, 29.5 (23.8-
35.2)%, 49.2 (39.7-58.7)%, and 56.8 (45.8-67.8)% along the ascending warming gradient. The stimulatory
effects of eCO, on methanogenesis were less than warming effects at the start of simulations, but they
intensified over time (Figures 3d and 3e). At the end of simulations, eCO, stimulated acetoclastic methano-
genesis by 12.7 (10.2-15.2)% and hydrogenotrophic methanogenesis by 46.9 (37.8-56.0)%.

3.4. Effects of Warming and eCO, on CH, Transport and Emission, and Soil CH, Concentrations

Surface CH, emissions via plants, diffusion, and ebullition showed similar seasonal patterns, rising in warm
seasons while decreasing in cold seasons (Figures 4a-4c). Both warming and eCO, enhanced all three path-
ways of CH, transport (Figures 4e-4g). Overall, greater warming led to greater transport, but warming
effects tended to weaken in the last 2 years of simulation for ebullition and plant-mediated transport (Fig-
ures 4e-4g). At the end of simulations, warming by +2.25, +4.50, +6.75, and +9.00°C increased transport
by 0.9 (0.7-1.1), 2.2 (1.8-2.6), 4.9 (4.0-5.8), and 6.9 (5.6-8.2) g C m 2 via plants, by 1.6 (1.3-1.9), 3.1 (2.5-3.7),
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Figure 3. Time series of simulated acetoclastic methanogenesis, hydrogenotrophic methanogenesis, and soil CH,
concentration (at top 9 cm depth) under warming and elevated CO, concentration (eCO,). (a, b) Simulated daily
acetoclastic methanogenesis, hydrogenotrophic methanogenesis, and soil CH4 concentration under warming and
eCO,, and (¢, d) cumulative impacts of warming and eCO, on acetoclastic methanogenesis, hydrogenotrophic
methanogenesis, and soil CH, concentration departure from the ambient simulation (T0.00). Descriptions of
manipulation experiments and cumulative impact calculation are same as Figure 1.

5.0 (4.0-6.0), and 6.5 (5.2-7.8) g C m™* via diffusion, and by 4.4 (3.6-5.2), 7.2 (5.8-8.6), 10.0 (8.1-11.9), and
12.6 (10.2-15.0) g C m ™~ via ebullition for treatments, respectively.

The eCO, effects on plant-mediated transport rapidly intensified and increased it by 6.1 (4.9-7.3)gCm™a

the end of simulations, which was greater than warming effects of all but the +9.0°C treatment (Figure 4e).
Positive effects of eCO, on diffusion were always lower than warming effects, and an additional 0.8 (0.6-1.0)
g C m™ of CH, fluxes were transported via diffusion at the end of simulations (Figure 4f). The eCO, effects
on ebullition were generally lower than warming effects (Figure 4g). After 5-years simulations, an addition-
al 3.8 (3.1-4.5) g C m~? of CH, fluxes were transported to the atmosphere via ebullition.

Overall, CH, emission exhibited a similar seasonal dynamic across the six simulations, high in warm sea-
sons and low in cold seasons (Figure 4d), which corresponded to the seasonal patterns of CH, transport.
CH, emissions were enhanced by warming and eCO, but with different magnitudes (Figure 4h). Greater
emission occurred with greater warming but this effect weakened at the end of the simulations (Figure 4h).
The positive effects of eCO, were initially comparable to warming effects at +2.25°C (Figure 4h). However,

YUAN ET AL.

8 of 18



